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PREFACE 


E lementary and general accounts of the invertebrates, suit- 
able for the beginning college student or layman, have been limited 
I to two sorts of books : natural histories, which describe the habits 
of a great many animals but are lacking in descriptions of basic structure 
and in theory, and formal textbooks, which are packed with morphologi- 
cal detail and technical terminology. This book is an attempt to present 
the main groups of invertebrate animals in simple nontechnical language. 
Each group is used to illustrate some principle of biology or some level in 
the evolution of animals from simple to complex forms. The material is 
divided into two kinds of chapters. The basic or indispensable chapters 
(1, 2, 3, 4, 6, 7, 10, 11, 14, 17, 19, 22, 25, and 28) present a continuous story 
of the more general and elementary aspects of the main invertebrate 
groups and can be read consecutively without reference to the others. 
'Fhey are recommended for the general reader or for students in any 
introductory college course in biology. They are essentially the ones 
read by our students for the invertebrate section of the “Introductory 
General Course in Biology” at the University of Chicago. The remaining 
chapters are advanced or optional chapters, and these treat each group 
more fully and present additional principles. They are intended to serve 
as optional reading for the invertebrate section of a general course. The 
book as a whole is designed as a textbook for a college course in inverte- 
brate zoology. 

I N THE preparation of the manu.script I was extremely fortunate in 
having the advice and criticism of Dr. Libbie Hyman, whose ex- 
tensive knowledge of the literature on the lower invertebrates has helped 
to bring the material up to date. She has contributed many valuable sug- 
gestions to the organization of the book and has corrected many errors. 
To Dr. Merle Coulter, of the Department of Botany and director of the 
Introductory General Course in Biology at the University of Chicago, 
I am indebted for the idea of dividing the book into two sets of chapters. 
Dr. Coulter has read the manuscript; and his suggestions, free from the 
natural bias with which a zoblogist approaches a book on animals, have 
been especially helpful in improving the clarity of many sections. Dr. 
W. C. Alice, of the Department of Zc^logy, has read the manuscript 
critically, much to its advantage, and has supplied encouragement 
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throughout the preparation of the book. From Dr. Alfred Emerson, of the 
Department of Zoology, I have adopted many ideas for the organization 
of the material. Dr. Emerson has read the manuscript and has made 
many suggestions, particularly in the chapters on the arthropods. Dr. 
Thomas Park, of the Department of Zoology, contributed a valuable 
criticism of the chapters on the arthropods. Dr. Harry Andrews, of the 
Chicago Junior Colleges, has read some of the early chapters. To all of 
these colleagues and friends, who have given so generously of their time 
and effort, I am deeply indebted and sincerely grateful. 

T he drawings are mostly diagrammatic and have been designed to 
convey ideas about structure, function, or habit, rather than to 
show the details of any particular species of animal (except where specifi- 
cally labeled). As far as possible, the same symbols have been used for 
corresponding structures in different drawings; and it is hoped that this 
will aid in their ready interpretation. The large number of new drawings, 
and the adaptation of the borrowed ones to the style followed in this book, 
required a close collaboration between author and artist made possible 
only by the fortunate circumstance that the artist was my sister. Miss 
Elizabeth Buchsbaum. To her skillful and artistic execution of the draw- 
ings the book owes much of its attractiveness. 

T he numerous photographs, unusual in a textbook, supply the ele- 
ments of specific form and texture which are missing from the dia- 
grammatic, stylized drawings. They are intended as a sort of laboratory 
exhibit and vicarious field experience. 

The source of every photograph is acknowledged in the legend which 
accompanies it, but I am especially indebted to Dr. Douglas Wilson, of 
the Plymouth Laboratory of the Marine Biological Association, England, 
for several excellent pictures from his book. Life of the Shore and Shallow 
Sea; Dr. W. K. Fisher, of the Hopkins Marine Station, Pacific Grove, 
California; Mr. Richard Westwood, managing editor of Nature Maga- 
zine: Mr. A. S. Windsor, of the General Biological Supply House, Inc., 
Chicago; Dr. C. M. Yonge for photographs from his book, A Year on the 
Great Barrier Reef; Dr. James A. Miller, of the Department of Anatomy, 
University of Michigan; Mr. Albert Galigher, of Berkeley, California; 
Mr. Louis Diamond, Chicago; and Mr. Leon Keinigsberg, Chicago. 

Mr. Percival S. Tice, of Chicago, deserves special mention for his out- 
standing photographs, many of which he made especially for this book. 
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I value them particularly because some of them, like the hydra series, are 
of subjects extremely difficult to photograph and not usually attempted. 

All photographs not otherwise acknowledged are by myself, and I 
take this opportunity to express my thanks for facilities and assistance 
offered me at the various marine biological stations where I have made 
photographs. I am especially indebted to Dr. W. K. Fisher, director of 
the Hopkins Marine Station, Pacific Grove, California, and Dr. Bolin of 
the same station; Dr. J. F. G. Wheeler, director of the Bermuda Biological 
Station, St. George’s, Bermuda; Dr. A. Tyler of the Kerckhoff Marine 
Laboratory, Corona del Mar, California; and officials of the Marine 
Biological Laboratory, Woods Hole, Mass. 

I ALSO wish to thank those who have helped in getting the book 
through the press. Miss Sylvia Shaffer aided in typing the manu- 
script and in preparing the Index. Mr. Donald Bean and Miss Mary D. 
Alexander, of the University of Chicago Press, have been remarkably 
patient in the difficult job of arranging the details of publication for a book 
with such a complex makeup. The Rosenow Company has given special 
attention to the reproduction of the photographs; and their representa- 
tive, Mr. Vinson Sahlin, has been helpful in many ways. 

Finally, I am indebted most of all to my wife, who has assisted in every 
phase of the preparation of the book, from writing the text and reading 
proof to designing drawings and making photographs. 

Ralph Buchsbaum 

University of Chicago 
August ]9S8 
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CHAPTER 1 



BY WAY OF INTROPUCTION 


ANYONE can tell the difference between a tree and a cow. The 
/% tree stands still and shows no signs of perceiving yoiu" presence 
1 . ». or your hand upon its trunk. The cow moves about and appears 
to notice your approach. This striking difference in the behavior of plants 
and animals is related to the fundamental difference in plant and animal 
nutrition. 

Plants make their own food from simple constituents of the air and soil. 
With the aid of a green pigment, chlorophyll, the tree utilizes energy from 
the sun to combine carbon dioxide and water into food — a process 
known as photosynthesis. The cow cannot stand in the sim and soak up 
energy with which to make nutritive substances, but must get its food by 
eating the bodies of the food-manufacturers, the independent plants. To 
find a constant supply of plants the cow must move from place to place 
and must react rapidly to changing conditions in its environment. 
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Not all animals move about. The sponges, for example, grow attached 
to the substratum. They have internal moving parts which create cur- 



Anyone can tell a cow from a tree. 


rents in the water, thus drawing food 
toward the sponge. Since this was not 
apparent to the early naturalists, they 
classified sponges and many other sed- 
entary animals as plants. While there 
is no longer any doubt that the sponge 
in the bathroom or the piece of coral 
decorating the mantelpiece are the skel- 
etons of animals, the question “What is 
an animal?” is not always easy of exact 
answer. 


As we examine simpler and simpler forms of life, distinctions of behavior 


and of nutrition grow less and less obvious. Eventually we find micro- 


scopic organisms that exhibit some charac- 
teristics possessed by both plants and animals. 
These “plant-animals,” the flagellates, swim 
about by lashing long threadlike extensions 
called flagella (singular, flagellum — the Latin 
word for “whip”). Some flagellates carry on 
photosynthesis, but they move about and 
show the same sensitivity and rapidity of re- 
sponse as do typical animals. Some flagellates 
not only photosynthesize but also feed like 



animals, thereby seeming to make doubly 
sure of a source of nourishment and align- 
ing themselves with neither plants nor ani- 


.... but it was not always so ob- 
vious that the coral on the mantel- 
piece is an animal skeleton. 



Fiaa«flates. 


mals. Other flagellates have lost their chloro- 
phyll and feed only in an animal manner. The 
existence of such organisms indicates that, in the 
beginning, there were no differences between 
plants and animals and that life was restricted 
to very simple forms. What these forms were 
and how they originated are questions on which 
we have no direct evidence. 

One of the most plausible of the hypotheses advanced to 
account for the origin of life states i^t at some time in the 


earth's history, in suitable places, as in pcmds or on the seaoowits, there were, as there 
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are now, simple compounds of the elements which compose the living substance, proto- 
plasm. With the energy of the sun or the heat of warm springs, various chemical combi- 
nations were formed. Some of these possessed the power of self-propagation, that is, 
the ability to manufacture additional combinations like themselves. An analogy to 
such a state of living matter may be found in a group of substances which are so small 
that they are just under the limits of visibility of the microscope and pass through 
the pores of the finest porcelain filters. Because of this filter-passing character, and 
because they are responsible for diseases such as smallpox, yellow fever, mumps, infan- 
tile paralysis, and the mosaic diseases of plants, these substances are called filterable vi- 
ruses (“poisons”). The viruses are among the largest proteins known, and several different 
ones already have been prepared in pure crystalline form. Even after repeated crystalliza- 
tions, a treatment no obviously living substance has ever been able to survive, viruses re- 
sume their activities and multiply when returned to favorable conditions. While no one 
has yet succeeded in growing them in the absence of living matter, it is clear that viruses 
help to bridge the gap that was formerly thought to exist between nonliving and living 
things. No longer can it be said that there is some sharp and mysterious distinction be- 
tween the nonliving and the living, but rather there seems to be a gradual transition in 
complexity. 

If we imagine that the earliest self-propagating substances were something like viruses, 
it is not difficult to suppose that an aggregation of virus-like proteins could lead to the 
development of visible bacteria-like organisms, independent, creating their own food from 
simple substances, and using energy from the sun. 

Such a level of organization may be compared to present-day forms like the independent 
bacteria, some of which conduct photosynthesis without chlorophyll, using, instead, vari- 
ous green or purple pigments. Others utilize the energy derived from the oxidation of 
simple salts of nitrogen, sulphur, or iron. These, for instance, can oxidize ammonia to ni- 


trites, or hydrogen sulphide to sulphates, with 
the release of energy which is utilized in forming 
carbohydrates. 

From primitive bacteria-like forms to the sim- 
ple chlorophyll-bearing organisms is a relatively 
short jump in complexity, however long it may 




liave taken in time. 


There is evidence that both plant and 
animal kingdoms originated from primi- — 

tive flagellates* By losing locomotor flag- 

ella and assuming a rounded form, some thought that both plant and animal 
^ *11111 kingdoms arose from primitive flagellates, 

flagellates become indistinguishable from 

the simplest plants, the algae; and, in fact, many of the green flagellates 
regularly pass into such an immotile state when they reproduce. By loss 
of chlorophyll, other flagellates become purely animal types which capture 
and ingest food. 
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Arising from primitive flagellates, animals have evolv^ into a bewilder- 
ing variety of forms of ever increasing complexity of structure. When 
these animals are carefully studied and compared, it is found that many 
of them resemble man in various ways, notably in the presence of a row 
of bones (vertebras) along the middle of the back, as well as in the pres- 
ence of bones inside the limbs and head. The animals having internal 
bones, including a backbone or vertebral column, are known as verte- 
brates and comprise all the fish, the frogs, toads, and salamanders, the 
lizards, snakes, turtles, and crocodiles, every kind of bird, and all the hairy 
animals known as mammals, such as elephants, lions, dogs, bats; and mice. 
These more or less familiar animals have a highly exaggerated importance 
in our minds because they are closely related to man, because they are 
mostly of large size, and because, like man, they usually manage to make 
themselves conspicuous. Actually, in terms of number of species they com- 
prise only about 5 per cent of the animal kingdom. 

The remaining 95 per cent consists of animals without backbones. We 
are all aware of the difference between these two groups of animals when 
we indulge in fish and lobster dinners. In the fish the exterior is relatively 
soft and inviting, but the interior presents numerous hard bones. In the 
lobster, on the contrary, the exterior consists of a formidable hard cover- 
ing, but within this initial handicap is a soft edible interior. A similar 
situation exists in the oyster, lying soft and defenseless within its hard 
outer shell. The lobster and the oyster are but samples of a tremendous 
array of animals which lack internal bones and which are, from their lack 
of the vertebral column in particular, called invertebrates. 

A distinction between vertebrates and invertebrates was first recognized by Aristotle, 
although he did not use these terms but divided animals into those with blood (verte- 
brates) and those without blood (invertebrates). Unfortunately, Aristotle’s neat distinc- 
tion had little to do with the facts, since many invertebrates possess red blood and a great 
many other invertebrates have colorless blood, which he did not recognize as blood at all. 
Although Aristotle did about as well as one might expect from the limited knowledge of 
animal structure available in his time, it was partly because of the weight of his authority, 
that his error was not corrected for over two thousand years. With the development of 
the fruitful independent scientific spirit of the early nineteenth century, Lamarck and 
Cuvier finally made the correct distinction, based upon the fundamental plan of organiza- 
tion of the animal body. 

There is a popular but vague recognition of the difference between verte- 
brate and invertebrate animals in the expression ''spineless as a jellyfish.’" 
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In this book we shall be concerned not only with 
the jellyfish, which is seldom seen by inland dwel- 
lers, but also with many animals without back- 
bones, like clams, crayfish, earthworms, and fleas, 
which are supposed to be already familiar to 
most people. In addition, many forms will be 
presented which generally pass unnoticed be- 
cause they are too small to be seen without a 
microscope, because they live under water or in Many animals are too small to 
the ground, because they inhabit remote parts »>«««*" without a microscope, 
of the world, or simply because they escape the unobservant eye. 




CHAPTER 2 



LIFE-ACTIVITIES 

T O KEEP alive and healthy, all animals from the lowest to the 
highest must carry on certain life-activities. Because these ac- 
tivities center about the utilization of energy, they have often, and 
very appropriately, been compared to the functioning of a combustion 
engine. But there is a point at which this analogy breaks down. For not 
orilyfis the living machine a self-feeding, self-tending, and self-perpetu- 
ating one, but by its very nature is a machine which must opjerate at all 
times. A stalled motor may easily be repaired. Not so a “stalled” organ- 
ism, in which the failure of certain functions automatically brings on the 
disintegration of the machinery itself. A machine can be oiled, covered, 
and put away on a shelf until ready for use, while an organism must be 
kept running — sometimes rapidly, sometimes very slowly — but continu- 
ously from the start until the natural or accidental finish. 

This continuity of living processes appears, on first thought, to be con- 
tradicted by our ordinary observations of animals. For example, we know 
that crayfish may Ke dormant in the mud of a dried-up pond and then re- 
sume their activities when spring rains fill the pond. ''W^at we see here is 
only a temporary cessation in the easily observable activities of the cray- 
fish. Going on all of the time at a greatly slowed rate is a much more fun- 
damental activity, the liberation of energy. The energy liberated comes 
from the burning of food stored by the crayfish during the monidis pre- 
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ceding dormancy. This food was obtained directly from plants or “sec- 
ond hand*' from other animals that had eaten plants. To catch, bite off, 
and chew up parts of other animals or of plants, the crayfish has special 
structures and behavior which make possible an activity — lacking in 
plants and so characteristic of animals — the capture and ingestion of food. 

Ingestion is the taking-in of food. Animals differ strikingly in their 
mode of ingestion. The differences are related partly to the size and com- 
plexity of the animal and partly to the diversity of the food itself. Mouth 
parts that tear flesh will not do for chewing wood; sucking sap is not the 
same as sucking blood. In its essentials, however, the feeding machinery 
involves : a set of sensory receptors to get information about the external 
environment, mechanisms for locomotion and feeding, and a means of co- 
ordinating the locomotory and feeding mechanisms with the information 
received from the surroundings so that the net result will be the getting of 
something to eat and the avoidance of being eaten. 

Digestion is the chemical alteration of raw food into a form in which it 
is usable as a source of energy for the life-activities and as a source of 
materials for growth and replacement of worn-out or damaged parts. The 
raw food consists of water, carbohydrates, fats, proteins, inorganic salts, 
and some other substances. The water and some of the salts need not be 
digested ; they are immediately available for incorporation into the living 
animal body. The other substances must be broken down into simpler 
units because they are too large to pass through the living membranes and 
because they are too complex to be used directly in growth or in other liv- 
ing processes. Digestion, then, is the breakdown of raw food into smaller 
units. To facilitate this breakdown, the living organism has a digestive 
apparatus into which a number of kinds of chemical substances are 
poured, most important among which are the enzymes. 

Enzymes are complex substances, manufactured only by living organisms, which speed 
up chemical reactions. Enzymes are usually specific, that is, they accelerate only one par- 
ticular reaction. For example, some digestive enzymes act only on carbohydrates, others 
on fats, and still others on proteins. 

Elimination is the ejection from the body of indigestible food or other 
accumulated wastes. Most plant-eaters do not have the enzymes needed 
to digest completely the woody tissues of the plants they feed upon. Most 
insect-feeders cannot break down the complex substance that forms the 
hard outer skeleton of insects. These indigestible portions of the food con- 
stitute the mMd wastes, or feces, and must be removed before they clutter 
up the dig^i^e machinery. 



8 


ANIMALS WITHOUT BACKBONES 


Metabolism is the total of the chemical changes that go on in the ani- 
mal body. There are two phases of metabolism : building up, or construc- 
tive metabolism; and breaking down, or destructive metabolism. During the 
period of active growth and repair the constructive phase overbalances 
the destructive phase, whereas during old age or in disease the destructive 
phase predominates. One kind of history of an animal may be told in terms 
of the metabolic changes or events that befall it from beginning to end. 

Assimilation is a constructive metabolic process by which materials 
derived from digestion are incorporated into the protoplasm. After the 
food is converted from its condition as the structural part of one kind of 
animal or plant into smaller, simpler units, it is suitable for building the 
kinds of carbohydrates, fats, and proteins peculiar to the structure of the 
animal concerned. Just as innumerable useful objects can be fashioned 
from combinations in various proportions of only a few dozen building- 
materials, so a few dozen kinds of food units can be built into an almost 
infinite variety of organisms — each kind of organism with its own specific 
composition. 

Respiriition is a destructive metabolic process by which food is burned 
in the release of energy. The energy stored in the food through the 
photosynthetic action of green plants is released in somewhat the same 
way that man releases, by burning, the energy stored in coal. The high 
temperatures involved in the burning of coal are not necessary in respi- 
ration because the chemical reactions are accelerated not by heat but 
by special respiratory enzymes. The burning of coal, or of almost any- 
thing else, requires air, or, more exactly, the oxygen of the air. The re- 
lease of energy in the living organism may be described in three steps. 
The first is the bringing of oxygen to the fuel. In man this is accomplished 
by breathing and by the circulation of the blood from the lungs to the tis- 
sues. The second step is the actual burning, or the chemical union of oxy- 
gen with the fuel, resulting in the liberation of energy; this is known as 
oxidation. The third step is the removal of the by-products of respiration 
— water and carbon dioxide. These wastes usually pass in the reverse di- 
rection along the same route by which the oxygen entered. 

Excretion is the separation from the living protoplasm of the waste 
products of assimilation and other metabolic activities. The by-products 
of oxidation of carbohydrates and fats are carbon dioxide and water. The 
burning of proteins yields other wastes in addition to carbon dioxide and 
water, namely, compoimds of nitrogen, which require special methods of 
disposal. These nitrogenous compoimds are poisonous, and their prompt 
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removal is indispensable to life. In man and in other vertebrates the kid- 
neys filter out these wastes in the formation of urine, which is eliminated 
to the outside; various devices do this same work for other animals. 

Reproduction is the production of new individuals to take the places 
of the old ones which die because their machinery wears out or because 
they are eaten or destroyed by their enemies. Unlike the other life-ac- 
tivities, reproduction is not necessary to maintain life in any single indi- 
vidual; it is essential only for the continued existence of the group. 

W HILE the mechanisms employed by animals for carrying on their 
life-activities differ considerably, they are all made of variations 
of a basic substance called protoplasm. The protoplasm of larger animals 
does not exist as a continuous mass 
but is divided up by partitions into mi- 
nute units called cells. When viewed 
through the microscope, each cell ap- 
pears as a bit of protoplasm inclosed 
in a cell membrane which separates 
it from adjacent cells. In nearly all 
plants the cells are surrounded by 
heavy walls made of a carbohydrate, 
cellulose. With very few exceptions, 
animal cells lack heavy walls, the cell 
membrane being a thin, flexible layer 
composed largely of fat and protein. 

This difference in the chemical structure of plant and animal cell mem- 
branes is correlated with motility. The protoplasm of the cell is differ- 
entiated into a centrally located body, the nucleuSy and the remain- 
ing protoplasm, called cytoplasm, surrounding the nucleus. The cell is 
the unit of living structure and activity. This is the same as saying that 
the cell is the smallest part of an animal which can carry on all of the life- 
activities. 

If we remove a small piece of tissue from an animal, as from a man, cut it into small 
fragments, and keep these fragments in a suitable fluid, we find that parts of cells dis- 
integrate but that intact cells will go on metabolizing and reproducing as long as they are 
properly cared for. However, without this care (a technique known as tusue culture) these 
cells die because they are so specialized to perform particular activities that, when they 
are removed from the organism in which they are part of a co-ordinated whole, they cannot 
take up an independent existence in the external world. 
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There are free-living organisms whose bodies are not divided up into 
cells. Instead, they consist of a continuous mass of protoplasm inclosed 
in a single membrane and containing one or more nuclei. Whatever dif- 
ferentiation is present has occurred within the protoplasm of a single mi- 
croscopic cell. 

B eginning with one of the least complex of these unicellular ani- 
• mals, we shall see, in the chapters that follow, the ever increasing 
complexity and efficiency of the living machinery with which the various 
kinds of invertebrates carry on their life-activities. The details of animal 
structure which will be presented may be interesting in themselves, but are 
meaningless unless we view them in relation to their function in the life of 
the animal and as a stage in the evolution from simple to complex forms. 



CHAPTER 3 



THE FIRST TRUE ANIMALS 

T he microscopic unicellular animals constitute the first of the large 
groups or phyla into which the animal kingdom is divided. This 
group is called the phylum PROTOZOA, a name which means “first 
animals.” Of the thousands of species of protozoa that occur everywhere 
in fresh and salt waters, damp soils, and dry sand, and that live upon or 
inside the bodies of other animals as parasites, only two will be discussed 
in this chapter — one simple and one more complex form. 

The relation between a simple animal and a complex animal may be 
compared to the relation between the behavior of prehistoric man and 
the behavior of modem man. The first man, we may imagine, lived with- 
out mechanical aids of any kind, captured his food with his bare hands, 
sought shelter in a tree or a cave, and existed at the mercy of natural 
forces. Modem man, on the other hand, has invented mechanical devices 
to assist him in every way and is gradually learning to protect himself 
from the caprices of nature. In an analogous way, a simple animal repre- 
sents a level of organization in which the protoplasm has not evolved 
many special devices making for greater efficiency in the business of life. 
Such an animal lives on what we may call the proloplaMnie lovol of 
conotnictton; the protoplasm performs all the life-activities and does 
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not have any very complex structure correlated with any particiilar ac- 
tivity. 

The appearance of sj)ecific structures which add to the eflSciency of per- 
formance of some special activity is called differentiation or specialization. 
The ameba is an animal that displays a minimum of differentiation. 

A SIMPLE PROTOZOAN — AMEBA. 

T he common ameba of fresh- water ponds is a microscopic animal; 

but some of the largest known amebas may reach a diameter of half 
a millimeter, being visible to the naked eye as white specks. Each ameba 
is a little mass of clear gelatinous protoplasm containing many granules 



Ay an ameba is cut in two with a very fine gla^s needle. B, the piece containing the 
nucleus. C, the piece without the nucleu.s. 


and droplets. The surface of the ameba’s protoplasm forms a delicate 
cell membrane^hrough which materials pass in and out of the animal. 
Water passes freely through the cell membrane; but the proteins, carbo- 
hydrates, fats, and salts of the protoplasm are prevented from escaping 
into the surrounding water by this same membrane. If an ameba is cut 
in two, each piece rounds up and immediately produces a complete mem- 
brane, thereby preventing the loss of the interior protoplasm. The forma- 
tion of a surface membrane appears to be a general property of pro-^j 
toplasm. 

The protoplasm of the ameba, as in almost all cells, is differentiated into 
nucleus and cytoplasm. The nucleus occupies no fixed position. The 
ameba furnishes excellent material for the study of the function of the 
nucleus, since the animal may be cut into two pieces, one with and the 




An ameba, showing principal structures. 
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other without the nucleus. The piece with the nucleus behaves like an 
entire animal, soon grows to its previous size, and finally reproduces. The 
piece without the nucleus moves about in more or less normal fashion for a 
time but is unable to feed or to digest food, to grow or to reproduce; and 
it dies after the food stored in the protoplasm is used up. From such ex- 
periments it is concluded that the nucleus is largely concerned with con- 
structive phases of metabolism and with reproduction. The cytoplasm of 
the ameba is distinguishable into a clear, outer layer and a more or less 
granular interior^ This interior contains various sorts of crystalline gran- 
ules, fat droplets, and food bodies in process of digestion, besides droplets 
containing a watery fluid. 

Motility is one of the striking characteristics of animals as contrasted 
with plants. The type of movement exhibited by the ameba is called, natn- 



An ameba in profile. When the microscope is arrangecl so that the animal is viewed from the side» 
it can he seen that only the tips of the p.seitdopods are in contact with objects, the general mass being 
free in the water. The pseudopods appear to aet like Uttle legs put out one after another, but the 
“legs" are temporary and soon flow back into the general cytoplasm. (Based on Dellinger) 

rally enough, “ameboid movement,” and has always excited great interest 
because it is presumed to be one of the most primitive types of animal lo- 
comotion. It appears to be totally different from the muscular movements 
of complex animals; but what goes on in a muscle when it contracts to 
move a limb may prove to be similar to the chemical and physical changes 
that go on in a moving ameba. Furthermore, some of the cells in the 
tissues of all higher animals, including man, are ameboid. 

For these reasons ameboid movement has been the object of intensive 
study. Amebas have no distinct head or tail ends but have a surface which 
is everywhere the same, and any one point on this surface may flow out as 
a blunt projection or peeudopod (“false foot”) . This pseudopod continues 
to advance for some time through the passage into it of some of the mass 
of the ameba, but sooner or later another similar projection forms at an 
adjacent point, and then the cytoplasm flows into the new pseudopod’. In 
this manner the animal progresses in an irregular fashion — flowing first to 
one side, then to the other. It often alters its course by putting out ps^'- 
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dopods on the side opposite the previous advance. As new pseudopods 
form, the old ones flow back into the general mass. Ameboid movement is 
very slow, and the animal does not proceed for long in any one direction. 

Of the various explanations of ameboid movement that have been advanced, the one 
which seems most acceptable at present is based on changes in the consistency of the cyto- 
plasm. The cytoplasm, as already noted, is visibly differentiated into a clear, outer layer 
and a granular, inner one. In the inner layer we further distinguish an outer jellylike re- 
gion, the plasmagel, and an inner fluid region, the pifismasol. In a moving ameba, plas- 
masol flows in the direction of movement; as it reaches the tip of the pseudopod and is de- 
flected to the sides, it changes to 
plasmagel, while more plasmasol 
flows forward into the moving 
tip. This process can be compared 
to a stream of liquid cement in 
which the flowing cement hard- 
ens on the outside, building ahead 
of itself a tube of hard cement 
through which comes more liquid 
eeincnt from behind. A constant 
flow of plasmasol is maintained 
because the plasmagel liquefies at 
the rear and again flows forward 
as plasmasol. The flow occurs probably because the tube of plasmagel contracts, exerting 
pressure on the fluid interior and forcing it forward at the point where the plasmagel is 
thinnest. Any influence which causes the plasmagel to thicken at the forward end will 
change the direction of movement. Thus, if pressure is exerted against the end of the 
leading pseudopod, a thick layer of plasmagel forms at this end and the flow of the animal 
is reversed. An ameba that is irritated simultaneously on several sides rounds up into a 
motionless ball, presumably because a heavy layer of plasmagel forms on all sides. 

Pseudopod formation occurs not only in locomotion but also in the cap- 
ture and ingestion of food. Although they have no special cell organs of 
taste or smell, amebas are able to distinguish inert particles from the 
minute plants and animals upon which they feed. Pseudopods are thrown 
out around the sides and over the top of the object. In this way the food 
is held against the substratum, then completely surrounded by cytoplasm, 
and finally incorporated into the main mass of the ameba’s body. The be- 
havior of the ameba varies somewhat with the kind of food. If the food 
organism is active, the pseudopods are thrown out widely and do not 
touch or irritate the prey before it has been surrounded. When the ameba 
is ingoing a quiescent object, such aii a single alga cdl, the pseudopods 
surround the cell very closely. 


plMm.g.1 chtngM plasmatol changM 


tcmperaiy 
front ond 


The movomont of an ameba <lei)en(ls upon reversible 
changes- in the consistency of the cytoplasm. The arrows in- 
dicate the path of flowing cytoplasm. (Modified after Mast) 
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The food body usually lies in the ameba’s 
cytoplasm in a drop of water which was taken 
in when the food was inclosed by the pseudo- 
pods. This drop of water containing the food 
is called a food vacuole. The food very soon 
begins to undergo digestion by enzymes se- 
creted into the food vacuole from the sur- 
rounding cytoplasm. 

Enzymes act l)est at a definite acidity or alkalinity; 
consequently, the ameba must not only provide enzymes 



for the digestion of food but must furnish these enzymes 
with proper conditions. In the food vacuoles of the 
ameba the reaction is at first acid, the acidity serving to 
kill the prey, which often struggles for some time after 
being inclosed. The reaction later becomes alkaline; 
for the most important enzyme, the protein-digesting 
enzyme of the ameba, is active only in an alkaline me- 
dium. This reminds us, in a general way, of the situa- 
tion in man where food is first acted ui>on in the acid me- 
dium of the stomach and later in the alkaline condition 
of the small intestine. 

The food body gradually dissolves, and the 
dissolved substances pass into the general 
cytoplasm, where they are assimilated- The 
indigestible fragments are eliminated in the 
simplest fashion possible. They are gradually 
shifted to the temporary rear end of the animal 
and are left behind as the ameba flows away. 

Respiration requires no special breathing 
mechanism in a minute creature like an ameba. 
There is a free exchange of gases with the sur- 


rounding water> and the ameba does not 



‘‘breathe’’ in the same sense as this expression 
is used with regard to man, that is, its sides 
do not heave in and out. Yet it carries on all 

Ameba ingssts a flagellate. 1 , the ameba moves toward the 
prey. 2 , pseudopods begin to extend. 3 , pseudopods are thrown 
out around the sides, and a thin sheet of cytoplasm extends 
over the top. In a moment the flagellate will be trapped. 4, a 


sheet of cytoplasm ^tedds below the i>rey, whi^ is now completely inclosed except for one flagel- 


lum. 6, the food organism lies in the ameba’s cytoplasm in the drop of water that was indiuded 


when the flagellate was ingested and which now forms a food vacuole. (Based on Schaeffer) 
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the essentials of respiration in that energy is liberated from food and made 
available for other life-processes. 

The oxygen dissolved in the surrounding water passes into the cyto- 
plasm of the ameba by diffusion. {Diffusion is the tendency of the par- 
ticles, of which matter is composed, to disperse equally throughout any 
space which is available; that is, the particles tend to move from regions of 
higher to regions of lower concentration.) Since the concentration of oxy- 
gen in the water is higher than that in the ameba’s cytoplasm, oxygen 
constantly enters and is immediately used up in the burning of foods. 
Thus the concentration of oxygen within the animal always remains lower 
than that in the outside water, and oxygen continuously enters the animal 
and is available for energy requirements. 

The water that results from the burning of carbohydrates and fats is a 
normal constituent of the animal body, and its rapid disposal is not neces- 
sary. The carbon dioxide is harmful if allowed to accumulate, and must 
be removed more promptly. It diffuses to the outside because it is always 
at a higher concentration within the ameba than in the surroimding 
water. This method of respiratory exchange (diffusion in of oxygen and 
diffusion out of carbon dioxide) will work successfully only if the animal is 
very minute, so that its exposed surface is large in proportion to its bulk or 
mass, and if it is not covered with a thick protective layer which would 
interfere with the free diffusion of gases. 

Burning protein, as we already know, yields not only carbon dioxide 
and water, but also nitrogenous substances which are poisonous and which 
must be rapidly excreted. In the ameba no special parts have been shown 
to excrete harmful wastes and these are thought to diffuse through the 
cell membrane into the surrounding medium, 

Near the rear of a moving ameba is a large spherical water vacuole, 
called the contractile vacuolei which contracts at regular intervals, dis- 
charging its contents to the exterior. It then forms again from one or more 
minute droplets and gradually swells to a maximum size, whereupon it 
again collapses, ejecting its contents through a temporary pore to the 
outside. 

The role generally assigned to the contractile vacuole is like that of a 
pump in a leaking ship, in which the pump must be kept going all of the 
time to keep pace with the incoming water. The water pumped out by the 
vacuole may come from several sources: it may be produced as a result 
of respiration, it may be included when food particles are engulfed, or it 
may enter (by osmosis) because the salts and certain other substances in 



18 


ANIMALS WITHOUT BACKBONES 


the protoplasm of the ameba are more concentrated than those in its 
fresh- water environment. (In a living system osmosis is the diffusion of 
water through a membrane which is permeable to water but not to most 
dissolved substances. When two solutions of different concentrations are 

separated by such a semi- 
permeable membrane, 
the water diffuses in both 
directions, but more 
rapidly from the less 
concentrated to the 
more concentrated solu- 
tion than in the reverse 
direction, because in the 
more concentrated solu- 
tion the greater number 
of dissolved particles in- 
terferes with, and in 
other ways de^creases, 
the outward diffusion of 
the water. As a result, 
water tends to accumu- 
late on the side with a 
greater concentration of 
dissolved substances.) 
Experimentally increas- 
ing the concentration of 
salts outside of the ame- 
ba causes the vacuole to 
contract less and less 
frequently and finally to 
vanish altogether. Conversely, some marine amebas develop contractile 
vacuoles when placed in fresh water. Thus, it is probable that the chief func- 
tion of the contractile vacuole is to regulate the water content of the ameba. 

An apparatus of this kind seems admirably suited for expelling nitrogenous wastes, but 
no one has yet been able to produce convincing experimental evidence that the vacuole 
serves an important excretory function. 

On the other hand, there is evidence against the excretory role of the contractile vacuole. 
When the fluid in the vacuole is withdrawn by means of a micropipet, chemical analysis 
Cauls to show a concentration of urea (nitrogenous waste) high enou|^ to indicate that tJie 



The contractile vacuole as it would appear if we could make a 
crosswise cut through the ameba at the level of the vacuole and 
move the rear piece back without the contents of the ameba spill- 
ing out. 1 , the vacuole at maximum size. 2 , ejecting its contents 
to the outside through a minute pore. 3, almost completely 
emptied. 4 , the vacuole forms again and increases in size. The 
pore is a temporary structure, formed anew for each ejection. 
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vacuole has a special excretory function. Analysis of vacuole fluids of other protozoa 
shows that» even though small amounts of nitrogenous materials may be dissolved in the 
water expelled from the vacuole, the amount is not great enough to account for the total 
amount of waste excreted by these organisms, and most of the materials must diffuse out 
through the cell membrane. Perhaps improved chemical methods will settle this problem 
in the future. 

Less direct evidence for the water-regulatory role of the vacuole is the fact that many 
marine and parasitic protozoa, which live in environments having a salt concentration 
higher than that in their own protoplasm, do not possess vacuoles. Since water moves 
through a membrane from a region of low salt concentration to one of higher salt concen- 
tration it does not accumulate within these animals. In the parasitic protozoa that have 
vacuoles, most of the water expelled probably enters in the feeding process. 

The ameba reproduces by the simple process of dividing into two ame- 
bas. When an ameba has fed well for some time, it rounds up into a spheri- 



An ameba divides. A, old, well-fed ameba. B, the ameba rounds up, and the nucleus undergoes a 
change preparatory to division. C, the nucleus divides (by a process known as “mitosis*'), and 
the cytoplasm constricts. D, the two young “daughter** amebas, each with a nucleus and half the 
parent's cytoplasm. (Based on Dawson, Kessler, and Silberstein) 

cal mass, the nucleus divides, and the cytoplasm constricts until the slen- 
der strand that connects the two halves ruptures. The entire process re- 
quires less than an hour. Each half, called for no particular reason, a 
“daughter” ameba, behaves just like the parent and soon increases to 
maximum size. Since an ameba thus continues to exist in its offspring, it 
may be Sjaid to be “immortal”; and every ameba which now exists is di- 
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rectly continuous through the ages with the first ameba. However, the 
protoplasm of every cell is continually being destroyed and renewed, and 
we may be almost certain that no part of the original ameba is present in 
any modern ameba. 

The ameba can carry on its routine activities only when immersed in 
water. If conditions of life become unfavorable, as when the pond dries 
up or when the food supply runs low, the ameba rounds up and secretes 
on its outer surface a hard and impervious protective shell called a cyst. 
Within the cyst the animal’s rate of metabolism falls to a level just above 
that necessary to maintain the organization of the protoplasm. Replaced 
in a suitable environment, the cyst breaks open and the inclosed ani- 
mal emerges and resumes its usual activities. 

Although the ameba has nothing comparable 
to our organs of special sense, it can distinguish 
food from particles of no food value. As men- 
tioned before, it uses different tactics in ap- 
proaching plant and animal food, probably be- 
cause the movements of animal prey create dis- 
turbances in the water that stimulate the ameba. 
The ameba flows away from a bright light, in- 
jurious chemicals, or mechanical injury. When 
poked with a glass rod, it contracts, reverses the 
direction of flow, and moves away. Extreme dis- 
turbance or injury causes it to take on a spheri- 
cal shape and remain motionless for some time. 

The behavior of an ameba, particularly its ability to select food, has been used by some 
as evidence that an ameba exhibits ‘'conscious” behavior or possesses some trace of those 
powers which in man are vested in the brain and which have been called the “psychic prop- 
erty” of protoplasm. Others maintain that the simple activities of an ameba imply no 
psychic attributes, and point to the fact that it is possible to duplicate practically all of 
the activities of an ameba with (nonliving) mechanical models — ^not only the chemical 
changes, such as those involved in respiration and digestion, but also the more character- 
istically living activities. Ameboid movements are produced by injecting a little alcohol 
into a droplet of clove oil in water. The alcohol changes the surface film of the oil droplet 
and causes it to send out “pseudopods” and to flow about like an ameba. A drop of chloro- 
form in water appears to be quite as “finicky” in its “eating habits” as an ameba. When 
offered small pieces of various substances, such a drop will “refuse” sand, wood, and glass 
and will even eject them if they are forcibly introduced. On the other hand, bits of shellac 
or paraffin are “eagerly” enveloped. If we play a trick on the chloroform drop by feeding 
it a piece of glass coated with shellac, it will engulf this “delicacy,” dissolve the shellac, 
and then “eliminate” the glass. There are many other mechanical models which simulate 



An encysted ameba sur- 
vives unfavorable conditions. 
With the return of proper con- 
ditions, the animal emerges 
from its cyst. 
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growth and even reproduction. The resemblances are usually quite superficial, and most 
of them throw little light on the real mechanisms involved in the living systems which they 
apparently imitate. But these experiments do suggest that much of the “mystery,” which 
some writers attribute to the behavior of the living ameba, might be explained if we knew 
enough about the purely physical phenomena involved. 

The ameba differs from the mechanical models in that several models are required to 
demonstrate the activities that are displayed by a single ameba, a fact which emphasizes 
the complexity of this “simple animal.” A more important difference is that the behavior 
of the ameba is adaptive^ that is, it is of a type likely to result in survival of the animal. 

In the ameba we have emphasized simplicity and the ability of proto- 
plasm to perform all the necessary life-activities without the aid of highly 
specialized structures. We shall see now that in another member of the 
large and varied phylum Protozoa, many specializations are possible even 
within the limits of the protoplasm of a single cell. These specializations 
have the same use as the inventions and machines of human construction : 
they enable the animal to carry on its activities with greater eflSciency. 

A COMPLEX PROTOZOAN — PARAMECIUM 

P ARAMECIA are found everywhere in fresh waters and can be ob- 
tained in enormous numbers by letting a bit of food decay in pond 
water. Like an ameba, a paramecium consists of a microscopic mass of 
protoplasm which is differentiated into a semifluid granular interior and a 
more dense, clear, outer layer. But many differences between the two ani- 
mals are at once apparent. Instead of a delicate outer membrane, a para- 
mecium is covered by a stiff but flexible outer covering. This covering 
gives the animal a definite permanent shape, somewhat like that of the 
sole of a slipper. Also, a paramecium has distinct front and rear ends, 
the front rounded, the rear pointed — a good example of streamline form. 
And most striking of all is the rapid rate at which a paramecium swims 
about, as compared to the slow creeping of an ameba. 

Beneath the outer covering, and imbedded in the clear outer cytoplasm, are small oval 
bodies called trichocysts. These bodies reach the surface through pores and can be dis- 
charged to the exterior. During the process of discharge they become greatly elongated 
into fine threads. It is not clear what function the trichocysts serve. It is thought that 
they afford a means of protection, since a paramecium discharges them when touched by 
injurious chemicals or when attacked by an enemy. It has also been suggested that a 
paramecium uses the trichocysts to anchor itself while feeding on bacteria. 

The paramecium has put on speed by developing accessory structures 
for locomotion which are not unlike the oars of a racing shell. This small 
animal is covered with about twenty-five hundred short “hairs,” which are 
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A parameclum , showing principal structures. The cilia, shown only at the edge, really 
occur all over the surface of the body. 



THE FIRST TRUE ANIMALS 


23 



The cilia in a single row do not beat all at once but one after another, so that they appear to beat 
in waves. Ordinarily, they beat so fast that all we see is a flickering at the edge of the paramecium. 
(After (ielei) 


really protoplasmic extensions through minute holes in the stiff surface 

covering. These protoplasmic extensions, called cilia, beat in somewhat 

the same manner as the arms are moved in the crawl stroke in swimming; 

they reach forward in the relaxed part of the stroke and then give a strong 

backward lash. The com- . 

bined effect of all the cilia, 

rhythmically stroking back- 

ward, is to drive the animal 

forward. The cilia do not 

beat simultaneously but in a 

wave beginning at the front 

end of the animal and pro- f 

gressing backward. Further, f 

they boat obliquely rather 

than straight backward. The 1 

oblique stroke causes the 

animal to revolve on its long 

axis so that, as it swims 

through the water, it re- outer I.y.r 

volves continually and de- ^ 

scribes a spiral path. A para- 

mecium can swim backward ,^211, \tiff outer covering 

by a reversal of the ciliary ^ , x . .x r,,, . , 

^ - . Paramecium cut in half. The cut surface shows some 

stroke and can turn in any relations that are not clear from the large diagram, 

way . The clear outer layer, containing the trichocysts, completely 

The food-catching appa- surrounds the granular interior. Cilia occur all over the 
- • . r * • surface of the animal. ‘ 

ratus of the paramecium is 

much more specialized than in the ameba. Food is taken in only at a defi- 
nite place on the surface. One side of the paramecium is strongly depressed, 
forming a concavity, the oral groove, as if a piece had been cut out of the 
animal. This concavity leads backward to an opening, the mouth pore, 
from which a funnel-like tube, the gullet, extends down into the cytoplasm. 


mm 

liti 


small nucleus' l^rge nucleus outer covering 

Paramecium cut in half. The cut surface shows some 
of the relations that are not clear from the large diagram. 
The clear outer layer, containing the trichocysts, completely 
surrounds the granular interior. Cilia occur all over the 
surface of the animal. ‘ 


-oral groove 


’^j&clear outer layer 
P^^ranular interior 

Stiff outer covering 
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When a paramecium stations itself near a bit of decaying material, the beat 
of the cilia in the oral groove drives bacteria and other minute organisms to- 
ward the gullet. The bacteria are whirled around by special ciliary tracts 
and are concentrated into a ball at the bottom of the gullet. The finished ball 
then passes as a food vacuole into the cytoplasm. A paramecium that 
has found a suitable bit of debris and is feeding actively will soon become 
filled with food vacuoles. These vacuoles are moved about in the interior 
cytoplasm in a more or less definite course by a slow circulation of the 
semifluid cytoplasm, and in the meantime undergo digestion as described 
for the ameba. 

The few indigestible remnants in the food vacuoles are finally elimi- 
nated from the body at a definite anal pore in the outer covering. 

Respiration and excretion take place, as in the ameba, by diffusion 
through the surface and are essentially the same as in all other animals — 
that is, oxygen is taken in and used for the burning of foods; and carbon 
dioxide, water, and nitrogenous wastes are given off. 

Two contractile vacuoles occupy fixed positions near the surface on 
the side opposite the oral groove, one near the front end, the other near 
the rear. The apparatus is more complicated than in the ameba, for each 
vacuole is surrounded by a circle of canals which radiate from the vacuole 
for some distance into the cytoplasm. At short intervals these canals fill 
with fluid, then discharge their contents to form the vacuole, which in 
turn ejects the fluid to the exterior. While the contractile vacuole of an 
ameba appears to be a temporary structure which reforms before each 
contraction, in a paramecium the vacuolar apparatus and the pore 
through which it discharges are probably permanent structures. Concern- 
ing the function of this vacuole mechanism, there is nothing to add to 
what was said about the ameba — apparently in the paramecium also the 
system serves primarily for regulating the water content of the animal. 

In a paramecium the two contractile vacuoles can eliminate a volume of water equiva- 
lent to its body volume in about half an hour, as compared with four to thirty hours re- 
quired by an ameba. An average man eliminates a volume of urine equal to his body vol- 
ume in about three weeks, but he also disposes of excess water through the lungs and sweat 
glands. 

The high degree of co-operation displayed by the cilia in the swimming 
movements or in food-taking suggests that some co-ordinating mecha- 
nism resembling nervous control in higher animals is present, and such has. 
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indeed, been discovered in the parameciunu Near the surface of the ani- 
mal is a system of protoplasmic fibers (fine threads) which run longitu- 
dinally and connect the 
rows of small granules at 
the bases of the cilia. 

There seems little doubt 
that this system of fibers 
constitutes the mecha-"^ 
nism which regulates the 
activity of the cilia; for, 
when the mechanism is 
injured, as has been done 
experimentally in certain 
ciliates the cilia no long- ^ small portion of tlie surface of a parametuum showing the 
, . . co-ordinating fibers connecting the bases of the cilia, 

er beat m co-operation. (Modified after Lund) 

The large number of minute cilia in a paramecium makes for a co-ordinating system of 
fibers, or neuromotor apparatus, that is not easy to experiment upon. However, a ciliated 
protozoan like Euplotes has only a few large cilia, and it is possible to cut the fibers which 

run to the large rear cilia from the center at which 
the co-ordinating fibers meet. After the operation 
these large rear cilia do not beat in co-ordination with 
the others, and certain of the swimming movements 
are interfered with. A cut of equal size, which does 
not injure the fibers, does not influence the co-ordi- 
nation of the cilia. 

The innermost granular cytoplasm, as 
in an ameba, is more fluid than the sur- 
face layer, and contains food vacuoles, fat 1 
droplets, and other food bodies, as well as i 
two nuclei I one large and one small nucleus | 
(there are several of the small nuclei in !j 
some species of Paramecium), The large 
nucleus appears to be concerned with the 
ordinary business of the cell, while the small nucleus is especially active 
during reproductive processes. 

The experimental removal of the small nucleus to determine its function is difficult 
in a paramecium but can be done conveniently with Euphtes, which stands microsurgery 
well and has the added advantage of a small nucleus that is easily visible and can be re- 
moved with a micropipet. The operated animal appears to be uninjured otherwise and 



A cut through Euplotes severing the 
co-ordinating fibers, inco-ordinates the 
large rear cilia to which these fibers run. 
The cilia are shown in the figure of Eu- 
fplotes on the next page. (After C. V. 
Taylor) 
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may even divide once or twice; but after two or three days it dies, without ever reform- 
ing the small nucleus. That death was not due to injury other than the absence of the 
small nucleus is proved by the complete recovery of animals undergoing ‘^control” opera- 
tions in which a portion of the 
cytoplasm, near the small nu- 
cleus, is removed, and another 
operation in which the small nu- 
cleus is first removed and then 
ipimediately replaced. Also, ani- 
mals in which a portion of the 
large nucleus is removed, the 
small nucleus being left undis- 
turbed, recover from the opera- 
tion and produce a large number 
of normal descendants. It is ap- 
parent that the small nucleus, 
probably more so than the large 
nucleus, is necessary for contin- 
ued life in this animal. 

It is not at all clear why 
a paraniecuum (and other 
protozoans related to the 
paramecium) should have 
two sorts of nuclei, a con- 
dition unknown in other 
animals. We can only say 
that among these protozoans the functions of a nucleus have been subdi- 
vided between the two different bodies. 

A paramecium reproduces by dividing in two in a manner similar to 
that described for the ameba. Both kinds of nuclei elongate and pull apart 
into two halves, one of which remains in each daughter-cell. A constriction 
forms around the middle of the animal; and as the constriction deepens, 
the cytoplasm divides into two daughters. The front and rear halves of a 
paramecium are not exactly alike; but even before separation occurs, each 
half forms the parts necessary for a complete paramecium. Thus the gul- 
let, which is behind the middle, falls to the rear daughter; the front daugh- 
ter early in the process of division forms a new gullet. 

When well fed, paramecia may divide two or three times daily, so that 
enormous numbers of them can be obtained in a short time. For this rea- 
son, paramecia, as well as other protozoa, have been used in many popu- 
lation studies. The results of such studies contribute to our understand- 
ing of the laws of growth of human populations. 



Euplotes is a good subject for experimentation, (Modified 
from a photomicrograpli by (’. V. Taylor) 
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The beginnings of sexual processes occur in paramecium, although 
the animals themselves do not show visible differentiation into males and 
females. However, sex differences can be distinguished physiologically. 
Only when individuals of certain strains are placed with individuals of cer- 
tain other strains do they adhere in pairs and unite by their oral grooves. 



Two aiiiiiiais unite by 
their oral grooves. 



'J'lic large nuclei begin to de- 
generate; the small nuclei divide 
twice, three degenerate, the re- 
maining one divides again. 



One part of each small nucleus 
migrates to the opposite para- 
mecium. 



The small nuclei fuse. 
The animals separate. 


1'he product of the fusion of 
the small nuclei divides .several 
times. Only one member of the 
pair of animats is shown. 


"I'lie animal divides twice, re- 
sulting in four small para- 
mecia. 


Conjugation in paramecium. Not all stages are .shown. For clarity, the large nuclei are omitted 
from C; actually they do not degenerate completely until after the conjugants have separated. 


While two individuals are so united, their nuclei undergo complicated 
changes, the result of which is the passage of a portion of the small nucleus 
from each animal into the other. Each migrating nucleus fuses with the 
opposite remaining nucleus. The two paramecia separate and undergo a 
series of divisions; the animals resulting from these divisions then con- 
tinue their usual activities. This sexual process is called conjugation. Al- 
though more typical sexual reproduction, involving differentiated sperms 
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Avoiding reaction. 1 , parameciuiu encounters 
an obstacle. 2, iiic animal backs up. 3, shifts its 
position. 4, again meets resistance. 5, 6| backs up 
and turns. 7, finds a free path. (Based on Jen- 
nings) 

continues on its course. The 
set of movements with which 
a paramecium backs up, 
turns, and swims off in a new 
direction is called the avoid- 
ing reaction. Mechanical ob- 
stacles, excessive heat, exces- 
sive cold, irritating chemicals, 
unsuitable food, a predaceous 
enemy — all elicit the avoiding 
reaction, which may be said to 
constitute most of the be- 
havior of a paramecium. 

In its constant explorations 
the paramecium may swim by 


and eggs, occurs in other protozoa, 
conjugation in paramecia has the 
essential features of the sexual 
process in all animals, that is, the 
transfer of nuclear material having 
new hereditary 'possibilities from one 
animal to another. 

The behavior of a paramecium 
is exactly what one would expect of 
an animal that has no specialized 
sense organs to direct its move- 
ments. When not quietly feeding 
on bacteria, it roams about cease- 
lessly, bumping ‘‘head on’’ into 
obstacles in its path. After such a 
collision, the paramecium backs up 
by reversing the beat of the cilia, 
turns to one side, and goes off in a 
new direction. If this second path 
results in another collision with the 
same obstacle, the set of move- 
ments is repeated. Finally the ani- 
mal encounters a free path and 



Behavior in reiation to temperature. When the tem- 
perature is uniform throughout the tank, the paramecia 
arc uniformly distributed. If one end of the tank is cooled 
to 12® C. and the other end is heated to 36® C., the para- 
mecia avoid the extremes of temperature and accumulate 
in the region of optimum (most favorable) temperature. 
(After Mendelssohn) 
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chance into a region rich in bacteria. Each tim^^^lsl^t the bpun^- 

ary of this region into a less favorable area, it ayoidir^^^ reac- 

tion; thus it remains in the more favor- 
able region. This general method of 

finding the best conditions of cixistence jk x 

is called trial-and-error behavior and 

is employed to some extent by all ani- / j K' ^ M \ / \ 

mals, including man. / / I \ f \ V \ 

A paramecium need not actually en- I 1 ji ( ) ] !\ *\ 

ter an unfavorable region before it can \ \ ^ / w* I I 

react negatively. The beating of the \ \ / } 

cilia in the oral groove draws a constant \ x 1/ / 




carbon particles ^ ^ 


Trial- and-error behavior in relation to 
chemicals. A small amount of a chemical 
' ^ ‘ is placed in the center of a drop of water, 

and it slowly diffuses outward. The concen- 
;! ^ V ' trie circles indicate zones of diminishing con- 

centration of the chemical from the center. 

0 AVi|l''' The broken line shows the path of a para- 

raecium placed in the drop. As the animal 
0^ swims about, it gives an avoiding reaction 

j-' whenever it enters a zone less favorable than 

f the one it is in; it thus appears to be “trap- 

ped” in the most favorable region. (After 

I stream of water, in the form of 

■ a cone, toward the oral groove. 

If there is an irritating chemical 
in the water ahead or if the water 
is hotter or colder, a portion of 
Paramecium “samples” the water ahead, as can the water from the new region 

^ seen by placing in the path of the ani^l a drop of ^;|i ^j^awn backward into the 
India ink containing Visible particles. (After Jennings) , . 

oral groove. Ihus the parame- 
cium constantly receives “advance information” of the environment ahead 
and responds with the avoiding reaction without actually entering an un- 
favorable region. 

Paramecia have only a poorly developed ability to discriminate between 
foods, since they very readily take in and form food balls' of almost any 
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minute particles, such as carbon grains, dye suspensions, and the like. 
However, after a time they will reject these inert particles while still ac- 
cepting bacteria. Paramecia avoid strong acids; but they give the avoid- 
ing reaction when passing from dilute acids to ordinary water, and there- 
fore tend to aggregate in regions of low acidity. This behavior aids the 
animal in feeding, because bacteria are most likely to be present near de- 
caying organic matter, which renders the surrounding w^ater slightly acid. 
On the whole, it may be said that the behavior of a paramecium is remark- 
ably adaptive for an animal that has to find its way about simply by keep- 
ing out of trouble. 






Prichocysts discharged from a paramecium irri- Outer coverings of two paramecia stained to shoir 
a ted and later killetl by a drop of ink added to water the surface markings which correspond to the positioiis 
Cl which the animal was swimming. Said to be pro- of the cilia in the living animal. The lower covering shows 
ective, trichocysts appear more useful in anchoring the pattern of cilia around the oral groove. (Photo of 
he animal while feeding. (Photo by P. S. Tice) stained preparation by P. S. Tice) 



3anmiN;kiav:i:^.ii^'ba*»jB9Be4e<«t^ b«gF.dHl:.4lon0M(rfMBM ' 

to tlw oral groom nad » hf • wMi: Tbe auAiimdea* ii thmig tmtikafy 

n .Uie (Miter kjm 'of/Hie te^iirf of t«o'«lteia dtefc Mite, lnirfMtei ’l»\' 

intmalfnitemoMiNtltinbv^^^ . tmdltaftte. (Hioteof rt«»w^ tew iite ^ - ’ 




CHAPTER 4 



CLASSIFIED KNOWLEDGE 

T O THE casual observer porpoises and sharks are kinds of fish. 
They are streamlined, good swimmers, and live in the sea. To the 
zoologist who examines these animals more closely, the shark has 
gills, cold blood, and scales; the porpoise has lungs, warm blood, and hair. 
The porpoise is fundamentally more like man than like the shark and be- 
longs, with man, to the mammals — a group that nurses its young with 
milk. Having decided that the porpoise is a mammal, the zoologist can, 
without further examination, predict that the animal will have a four- 
chambered heart, bones of a particular type, and a certain general pattern 
of nerves and blood vessels. Without using a microscope he can say with 
reasonable confidence that the red blood cells in the blood of the porpoise 
will lack nuclei. This ability to generalize about animal structure depends 
upon a system for organizing the vast amount of knowledge about ani- 
mals. 

This knowledge was not always so well classified. Only a few hundred 
years ago the study of animals was in a crude descriptive stage. The ac- 
cumulations of facts about animal structure and animal behavior were 
almost entirely useless because little attempt had been made to relate 
one fact to another and because the facts were arranged in categories based 
on superficial distinctions. Biological science made little progress until it 
was realized that animals must be grouped according to their fundamental 
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similarities in structure and then arranged into a workable system of 
classification. 

The heterogeneous assortment of organisms that compose the animal 
kingdom are first divided into large groups, called phyla, which are based 
on radically different flans of organizaiwn. The members of a phylum may 
live in every kind of habitat, may vary in size and body form, and in their 
methods of locomotion and feeding — but they have a common basic struc- 
ture. In the Protozoa this underlying structure is the differentiation of 
protoplasm within a single cell — other phyla have other body plans. The 
chief phyla are well recognized and agreed upon by zoologists, though 
there is debate over the classification of some of the rarer and more highly 
specialized or degenerate animals. Unfortunately, there is always a cer- 
tain amount of arbitrariness in any system of classification, and the ex- 
act number of phyla that we name depends upon our criteria of a radically 
different plan of organization. 

Within each phylum the members are further divided into groups, called 
classes, on the basis of a sigriificant variation in the fundamental plan, 
usually in adaptation to a special way of life. To take a crude analogy 
from everyday experience: if we regard all vehicles driven by gasoline en- 
gines as belonging to the same category or ‘‘phylum,'’ significant varia- 
tions are automobiles, airplanes, and motor boats. Each vehicle has the 
same fundamental plan, a gasoline engine — yet each is constructed for a 
significantly different kind of travel. Similarly, protozoa that move by 
pseudopods, like the ameba, are grouped in a separate class from protozoa 
that move by means of cilia, like the paramecium. 

Each class is further divided into smaller categories called orders. In 
terms of the analogy given above, we can subdivide the class automobiles 
into “orders”: passenger cars, trucks, racing-cars. Order differences are 
still of such magnitude that they can be recognized easily. For instance, 
the class Insecta has orders such as the beetles, the flies, the butterflies 
and moths, the fleas, and others. 

Each order consists of a number of families. The anatomical distinc- 
tions between families are still important enough to be of survival value 
to the groups concerned. That is, the structures which serve as a basis 
of classification are likely to be the ones that enable a member of one 
family to live in a place that is uninhabitable for a member of another 
family. A diving beetle that has its legs modified for swimming and its 
jaws for seizing prey would have diflScuIty getting along in a forest, the 
home of a leaf-eating beetle. 
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The anatomical criteria used to divide a family into groups called 
genera (singular, genus) are usually so small that they would not be no- 
ticed by most people and in general have less adaptive value for the ani- 
mals concerned than have family distinctions. Crayfish of the genus Cam- 
harus have seventeen pairs of gills, while those of the genus Astacus all 
have eighteen pairs of gills. The possession of the extra pair of gills prob- 
ably makes no difference in the success with which Astacus meets its en- 
vironment as compared to Cambarus, Astacus, which is found only west 
of the continental divide, would probably do well east of the Rockies in 
the territory of Cambarus. But the two groups of crayfish have long been 
separated by an impassable barrier, the Rocky Mountains. 

When we divide a genus into species, we are at last dealing with a 
category which is somewhat less arbitrary and which represents what 
the scientist means by a kind of animal. There 
are borderline cases that do not clearly fit this 
definition; but for the vast majority of animals 
a species may be defined as a natural population 
of organisms which has a heredity distinct from 
that of any other group, and the members of 
which breed only with one another to produce 
fertile offspring. To return to the example of 
the crayfishes, the genus Cambarus can be di- 
vided into distinct species on the basis of minor 
details, particularly the shape of the first pair 
of appendages on the abdomen of the male. One of these species lives in 
rivers and is called Cambarus limosus. Another, called Cambarus di- 
ogenes, lives in swamps, where it burrows in the mud. The minor anatomi- 
cal difference in the appendages of the male, by which we can distinguish 
the two, has no practical bearing on the more deep-seated physiological 
differences which really make these crayfishes two species or populations 
that do not breed together. Physiological differences are not easy to meas- 
ure or define, and they are diflScult or impossible to determine from dead 
specimens. Since animals must often be classified long after they are col- 
lected, it is desirable, whenever possible, to base the criteria for identifica- 
tion of the species on some easily observable anatomical character which 
is not changed by the death of the animal. Thus, a few distinctive charac- 
ters are selected for identification of species. However, the individuals of 
two species differ in not one but in a great many minor characteristics of 



Species differences in two 

crayfish — the first abdominal 
appendage of the male. Cam- 
barus limosusy left ; C. diogeneSy 
right. (After Ortmann) 
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form and behavior, and these differences are due to the accumulations of 
minor changes in the course of evolution. 

Species cannot he described in all cases by clearly visible anatomical differences; some- 
times physiological characteristics must be studied. For example, two species of a single- 
celled green alga (Chlorella) can be distinguished only by measuring their average rates of 
respiration. There are two species of termites that can be distinguished most easily by 
identifying the other animals that live associated with them. Except for this difference in 
the “guests’* which they harbor, the termites can be distinguished only on the basis of 
average differences in certain body measurements made on a large number of individuals. 
A single termite, found away from the nest, cannot be assigned definitely to either species. 
Such cases emphasize the need for dealing with populations, rather than with single in- 
dividuals, in describing a species. 

In a widespread species there may be a gradual change in the characteristics of the popu- 
lation from one end of its realm to the other, so that in some instances widely separated 
individuals from the same population would be regarded as different species if there were 
no intergrades. When there arc intergrades, such widely separated forms are regarded as 
belonging to different subspecies. 

If we refine our observations and criteria, we can often distinguish, 
among the members of a species, individuals that can, but usually do not, 

breed together or live together in the same re- 
gion. They exhibit minor differences, such as 
the color variations in the skin of man. The dif- 
ferences are usually more superficial than those 
which distinguish a species, and the groups 
classified on this basis are termed varieties, 
races, or strains. Still less significant are dif- 
ferences between the individuals of a variety 
or race. 

The double name by which we referred above 
to the river and swamp crayfishes is called the 
scientific name and consists of, first, the genus 
name (written with a capitalized initial letter) 
and, second, the species name (not capitalized) . 
Man’s scientific name is Homo sapiens, A com- 
mon paramecium is Paramecium caudatum. The 
name caudatum means tail and refers to the 
long cilia at the rear. Paramecium caudatum is 
distinguished from Paramecium aurelia by the 
possession of one small nucleus instead of two, the more pointed rear 
end, and larger body size. 



Two species of paramecia. 

Paramecium caudaiumy left; Par- 
amecium aurelia^ right. (After 
Wenrich) 
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The scientific name is frequently written with the name of the scientist who first ade- 
quately described and named the species. For example, ‘^Balanus halanoides Linnaeus” is 
the common barnacle, which was first described by Linnaeus (Carl von Linne), a Swedish 
naturalist who established the system of giving two names to animals. In his time (1707- 
78) Latin and Greek were the accepted languages for scientific writings, and Linnaeus 
gave all the animals Latin names. This system has become universally adopted, and it 
is now obligatory for scientists to produce a Latinized name for a newly described ani- 
mal. Almost a million animal species have already been described and named by this 
system, and it is probable that several times this number are still to be discovered. Every 
year several thousand new species are added to the list of catalogued animals. 

When a zoologist mentions an animal in a scientific paper, he does not 
use its common name, because this varies from place to place and from 
time to time. What is loosely called a ‘‘crayfish” in one locality may be 
an entirely different species or a different genus from what is known by 
the same common name in another locality. The scientific name is inter- 
national, recognized the world over as referring only to one clearly defined 
species of animal. Sometimes a species is so distinctive that it can be rec- 
ognized at sight or by reference to a catalogue. But, as a rule, the number 
of similar species is so great and the differences between them so small 
that they can be accurately identified only by a specialist in classification, 
a taxonomist, who knows the detailed characteristics of the group. There 
is no virtue in giving the fxill name of an animal if the name is not correct. 
Rather than commit this “scientific crime,” one refers to a common ani- 
mal by using its genus (or generic) name. Thus we have said, in chap- 
ter 3, that one could operate on a Euplotes as if it were a particular animal. 
Yet the name actually refers to a genus consisting of several species of 
animals. Sometimes we do not even capitalize the generic name, if the 
animal to which it refers is so well known that its generic name has become 
a common name. We may refer to an individual of any species of the 
genus Paramecimri simply as a “paramecium.” 

T he system of classification represents a scheme of animal rela- 
tionships. When we see two men who are strikingly similar, we are 
likely to say : “TKey must be brothers."^ If they resemble each other some- 
what less, we may say: “No doubt they are cousins.’" If they bear the 
same name but resemble each other hardly at all, we guess that they are 
only distant relatives. In other words, we judge the closeness of their re- 
lationship by their degree of similarity. Two brothers have a pair of very 
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recent common ancestors, their parents. Two cousins have only a pair of 
grandparents in common, a less recent common origin. In the same way, 
two species of the same genus have had a fairly recent common ancestor. 
Species of two different genera have had a more remote common ancestor. 
And species of two different families are still more distantly related. Thus, 
the position of an animal in the scheme of classification indicates our idea 
of its relationship to other animals. 



CHAPTER 5 



A VARIETY OF PROTOZOA 

P ROTOZOA are cosmopolitan — the same species may be found on 
every continent. In sharp contrast with the provincial habits of 
most larger animals, which are limited in their spread by ocean or 
land barriers, protozoa are readily swept along in ocean and river cur- 
rents, or in the encysted state may be blown by the wind or transferred 
from one pond to another in the mud that clings to the feet of birds. 
Encystment not only furthers the distribution of protozoa but also en- 
ables them to live in habitats they otherwise could not invade. Within 
the heavy walls of their cysts, some protozoa can resist the heat and 
drought of summer in the desert. After the first rain the cysts break open 
and the protozoa move about, frequently encysting again after only an 
hour of activity. Animals of such versatility are well adapted to exploit 
the rich possibilities offered by the moist and nutritious interiors of other 
animals. Man is a favored host, but protozoan parasites are rather im- 
partially distributed among all animals. 

About fifteen thousand species of protozoa have already been de- 
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scribed, though it is probable that many more remain to be discovered. 
Several other phyla have many more species; but when we consider that 
all larger animals, and even some protozoa, harbor oiie or more species of 
protozoa, we are led to the interesting conclusion that there are many 
more individual protozoa than individuals of all other animals combined. 

The flagellates and other protozoa are sometimes placed with the bacteria in one group 
known as the Protista. This device eliminates the difficulty of distinguishing primitive 
plants from primitive animals and takes care of the many forms intermediate between pro- 
tozoa and bacteria, such as the spirochetes (causative agents of syphilis). On the other 
hand, some zoologists separate these groups, leaving not only bacteria but also all green 
flagellates to the botanists. We shall take an intermediate view , excluding bacteria and spi- 
rochetes but including green flagellates among the members of the first phylum of animals. 

The phylum Protozoa may be conveniently divided, according to their 
chief method of locomotion, into four classes: the flagellates, the ame- 
boid protozoa, the spore-formers, and the ciliates. 

THE FLAGELLATES 

T he flagellates (class Flageilata) are protozoa that have one or more 
long filamentous protoplasmic extensions, flagella, by which they 
swim. They have a more or less definite shape, usually oval, and a definite 
front end from which the flagella arise. The flagella beat in whiplike 
fashion, and the locomotion of flagellates is usually slower and more ir- 
regular than that of a paramecium and its ciliated relatives. 

The flagellates are divided into two groups, the more primitive plant- 
like types which make their own food by means of the chlorophyll they 

possess, and the animal- 
like types which capture 
and ingest other organ- 
isms. 

One of the simplest of 
the plantlike flagellates is 
Chrysamoeba, which has a 
yellow photosynthetic pig- 
ment. This form sometimes 
temporarily loses its single 
flagellum. It then moves 
about and ingests solid food 
by means of pseudopods, 
like an ameba. Since such 
flagellates are both inde- 



Chrysamoeba is a flagellate that can also feed like an (iineba. 
(Modified from Lang) 
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Euglena, a green flagellate. (Modified 
after Doflein) 
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their food, and it is advantageous that they should expose themselves to 
the light as much as possible. When placed in a dish, euglenas quickly ag- 
gregate on the side of the dish nearest the light. As long as they are exposed 
to light, they maintain themselves by photosynthesis and store up carbohy- 
drates in storage bodies which are conspicuous in the cytoplasm. However, 
r'euglenas can live in the dark if they are placed in a nutrient solution. TTnder ^ 
these conditions the chlorophyll degenerates, the animals become color- 
less, and the nutrient materials are absorbed through the surface mem- 
brane. It is doubtful if this mode of nutrition is ever used in nature. 

Volvox is seen in fresh-water ponds as a small, green sphere, which may 
be inch in diameter. The sphere is composed of thousands of flagellates 



Section Surface view 

Volvox, The <!ells of the colony are joined by protoplasmic connections. (Modified after Janet j 

imbedded in the surface of a jelly ball. Each flagellate resembles Euglena 
and has two flagella, a red eyespot, two contractile vacuoles, chlorophyll 
bodies, but no gullet. Volvox is a colony of unicellular animals rather 
than a many-celled animal, because even the simplest many-celled ani- 
mals have considerably mc^e differentiation between cells than appears 
among the cells of Volvox. iThe colony swims about, rolling over and over 
from the action of the flagella; but remarkably enough, the same end of 
the sphere is always directed forward, and thus we can distinguish front 
and rear ends. Its behavior can be explained only by supposing that the 
activities of the numerous flagellates are subordinated to the activity of 
the colony as a whole. If the flagella of each member of the colony were 
to beat without reference to the other members, the sphere would never 
get anywhere. In such subordination of the individual cells of a colony to 
the good of the colony as a whole, we see the beginnings of individuality 
as it exists in the higher animals, where each animal behaves as a single 
individual although composed of millions of cells. 
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The co-ordination of the Volvox members in swimming implies some 
means of transmission between them. They are, in fact, connected by 
protoplasmic strands extending through the jelly. The co-ordination of 
numerous components into an individual is usually followed by the spe- 
cialization of different individuals for different duties. Only the slightest de- 
gree of specialization is seen in the Volvox colony ; the flagellates of the back 
♦^rt of the colony are 
capable of reproduction , 
while the front mem- 
bers never reproduce but 
have larger eyespots and 
serve primarily in direct- 
ing the course of the 
colony. 

In asexual reproduc- 
tion (that is, not involv- 
ing any sexual proces- 
ses), a cell enlarges, loses 
its flagella, and divides 
a number of times until 
a small daughter-ball is 
produced. A Volvox 
sphere usually contains 
in its hollow interior sev- 
eral such daughter-colonies in process of formation. They are liberated 
when the mother-colony breaks open. 

In the sexual reproduction of Volvox one of the stages in the evolution 
of sex is illustrated. In the early stages of sexual differentiation the two 
fusing cells are alike, and such a condition is seen in some of the rela- 
tives of Volvox. In Volvox this evolution has reached completion; and 
fully differentiated male gametes, or sperms, and female gametes, or 
eggs, are formed. In forming an egg, a cell of the colony increases greatly 
in size, takes on a rounded form, and becomes loaded with food, especially 
fatty substances. This food is contributed in part from adjacent cells and 
serves to give the young Volvox a good start in life. Another cell of the 
same or another colony, by repeated divisions, gives rise to numerous 
small flagellated sperms. These sperms swim about until they find an egg 
or die. Only one sperm penetrates the egg, and this union of egg and 
sperm is called fertilization, ^hen an egg is fertilized, it undergoes a 



D. E. F. 


Sexual reproduction and development of Volvox, A, fer- 
tilization. B, the zygote forms a cyst wall. C, an inner cyst 
wall forms, and the outer wall is discarded. D, the zygote di- 
vides into two cells. E, a small ball of cells. F, a young colony 
within the cyst wall. (Modified after Kircher) 
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change which prevents the entrance 
into the egg of additional sperms. The 
fertilized egg, or zygote, of Volvox 
secretes upon its outer surface a hard 
spiny shell which protects the cell dur- 
ing unfavorable conditions, such as 
drying or freezing. Inside the shell, 
the zygote divides into two cells, these 
into four, and so on until a small ball has 
been produced. With the return of fa- 
vorable conditions of heat and mois- 
ture, the shell breaks; and the young 
colony, indistinguishable from a 
daughter-colony produced asexually, 
emerges. 

The dinoflagellates occur in enor- 
mous numbers in the surface waters of 
the ocean; there are also a number 
of fresh- water species. A typical dino- 
flagellate, Gonyaulax, is inclosed in a tight-fitting armor of cellulose plates 
and has two flagella, one lying in a groove encircling the animal and the 
other trailing downward. Many dinoflagellates have oil drops which help 
them to float. Some of them possess a brown pigment in addition to chlo- 
rophyll; others are colorless and feed on minute organisms. Some dino- 
flagellates produce light, as do many other marine and some land ani- 
mals. The mechanism of light production 
in certain of the higher forms has been 
partially worked out (and will be given 
in chap. 18 ) but has not been proved to 
apply to these protozoa. One of the most 
abundant of the luminescent dinoflagel- 
lates is Noctiluca, which does not resem- 
ble the typical dinoflagellates but is color- 
less and ingests solid food. It is spherical, 
about a millimeter in diameter, with one 
short thick and one very delicate flagellum. 

It floats on the surface near shores, often in ^ |„mi„„cent dlnoflageilate, 
inconceivable numbers, and, being faintly A^ocrtiuco. (Based on several authors) 
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A dinoflagellate, Gomjaulax^, sometimes be- 
comes so abundant along the coast of south- 
ern ( -alifornia that it colors the ocean red for 
miles. These outbreaks of “red water” cause 
the death of fish and other animals, which 
are cast up on the beach and decay. The 
stench has been compared to that of the Nile 
when, according to ancient writings, that 
river “turned to blood.” (After Kofoid) 
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pink, may in the daytime cause whole areas of the ocean to look like weak 
tomato soup. The minute flashes emitted by these dinoflagellates are seen 
at night when the animals are agitated as the waves strike rocks or other 
objects. Night swimming or boating in an area filled with Noctiluca causes 
these dinoflagellates to emit light, furnishing spectacular displays of what 
appears like fireworks being shot off under water. 

Among the aniinal-like flagellates are the collar-flagellates, solitary 
cells that live attached by their stalks to the substratum. They become 



A collar-flagellate, Codoniga, A colony arises when the cells fail to 
separate after tlivision. (After Lapage) 


colonial when the cells fail to separate completely after dividing. The 
cell has a delicate, transparent protoplasmic collar from the center of 
which emerges the single flagellum. The beating of the flagellum draws a 
current of water toward the cell. The food organisms in the current do not 
enter the collar but impinge upon the sides of the cell and are taken up into 
food vacuoles. The collar-flagellates are of special interest because a sim- 
ilar type of cell occurs nowhere else in the animal kingdom except in the 
sponges. 

Many parasitic forms are included among the animal-like flagellates. 
Of these, the most notorious are the trypanosomes that cause African 
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sleeping-sickness in man (not the same as the sleeping-sickness known as 
‘"encephalitis” and caused by a virus). The trypanosomes and their rela- 
tives live as parasites in insects, certain 
plants, and most vertebrates in Africa 
without causing much inconvenience to 
their hosts. But apparently they have not 
yet become adapted to living in man or 
in his domestic animals without produc- 
ing an incapacitating and usually fatal 
disease. 

'i'he trypanosomes that cause African 
sleeping-sickness are transmitted by the 
blood-sucking tsetse flies. Practically all 
wild game in Africa harbor trypanosomes 
in their blood; and when a tsetse fly sucks 
the blood of an antelope, for example, or 
of an infected man, the blood drawn into 
the intestine of the fly will contain these 
trypanosomes. In the fly’s intestine the 
trypanosomes undergo changes. From the 
intestine they invade the salivary glands 
of the insect, where they continue to 
change and to multiply. If such an infect- 
ed fly bites a man, the trypanosomes are injected into the blood of the 
victim with the saliva of the fly. In the blood they multiply rapidly 
and wriggle about among the blood corpuscles, propelled by the undula- 
tions of a delicate ruffled membrane which extends along one side of the 
body. 



A trypanosome, the cause of African 
sleeping-sickness. The edge of the un- 
dulating membrane bears the flagellum, 
which extends free at one end of the 
animal. 


The bite of an infected fly .sometimes does not cause fever for weeks or even months, 
while the flagellates increase in number. When the attacks of fever begin, the victim be- 
comes weak and. anemic, probably because of poisonous by-products of metabolism given 
off by the flagellates. Finally, the parasites invade the fluid surrounding the brain and 
spinal cord, the person loses consciousness, and the “sleeping-sickness” goes to a fatal end. 

Medical treatment of African sleeping-sickness consists, in the main, of injection of 
various drugs (particularly arsenic compounds) and is very effective in the early stages of 
the disease before the flagellates have invaded the nervous system. However, if the dose 
injected is not adequate to kill the parasites, they may become drug-resistant and then 
are unaffected by doses large enough to kill the patient. 



A VARIETY OF PROTOZOA 


45 



The life-cycle of the trypanosomes that cause African sleeping-sickness involves two hosts, the 
tsetse fly and a vertebrate, siicli as an anteloi)e or a man. Here an infected fly is biting an infected 
man. I’rincipal stages in the life-cycle are shown: trypanosomes in the salivary glands of the fly being 
injected into the blood of the man, forms living in the blood and entering the sucking tube of the 
fly, and those living in the intestine of the fly. (Ba.sed on several sources) 


Control measures for this disease are complicated by the fact that even if it were pos- 


sible to cure or isolate all human cases, the wild game would still 
act as a reservoir from which flies could be reinfected. An ade- 
quate solution for this problem seems to lie in wholesale destruc- 
tion of the tsetse flies, which is an exceedingly difficult task, al- 
though not impossible. 

Large regions in Africa are uninhabitable for men and their 
stock because of the tsetse fly, and it is safe to say that the past 
and present accomplishments of man in the larger part of Africa 
have been controlled by the fly. The future of that continent de- 



pends not upon military leaders or diplomats of state but upon Shaded portion shows 
medical and ecological investigators who are working to check the the extent of sleeping- 
ravages of that murderous pair, the fly and the flagellate. sickness in Africa. 
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Trichomonas vaginalis 
is found in the vagina 
(passage leading from 
the uterus to the exter- 
ior) and is under suspi- 
cion as a contributing fac- 
tor in death from child- 
birth. (After Powell) 


The trichomonads are flagellates common in the 
digestive tracts of vertebrates. They are pear-shaped 
protozoans with several flagella springing from the 
anterior end. One of these flagella extends backward 
along the edge of an undulating membrane. The 
body is supported by an internal stiff rod which 
projects from the rear end and is frequently used to 
anchor the animal while it feeds. Trichomonas buc- 
cal is inhabits the mouth and may be involved in 
pyorrheal conditions; Trichomonas hominis and 
some other kinds of trichomonads live in the intes- 
tine and seem to be related to a type of diarrhea. 

The flagellates are considered to be the simplest 
class of protozoa because certain of their members 
are very primitive. It must be realized, however, 
that no class of animals is made up only of simple 
forms. Practically all large groups have a few mem- 
bers which are more complex than the less developed 
members of the next higher group. The older an ani- 
mal group, the longer has been its evolution and the 
time available for development of complexity. It is 
not surprising, then, to find certain flagellates that 
show an amazing degree of specialization. One of 



Trichonympha engulfs minute bits of wood by pseudopods extended from the lower part of the 
animal. This method of ingestion is surprising, in view of the fact that the surface cytoplasm of the 
upper part of the animal is covered with hundreds of long flagella and is structurally more complex 
than in almost any other protozoan. (Modified after Swezy) 
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these, Trichonympha, is among the most complex of all protozoa. It is also 
interesting because it inhabits the intestine of wood-eating termites. It was 
for along time difficult to understand how the termites were able to subsist 
on a wood diet, since wood contains only a very small amount of digestible 
protein and sugar, and most animals lack the necessary enzymes for 
digesting its chief constituent, cellulose. In recent years evidence has been 
presented to show that flagellates, such as Trichonympha, which lives 
sheltered in the termite’s intestine, ingest the minute bits of wood oc- 
curring there and transform them to soluble carbohydrates, part of which 
can be utilized by the insect host. This relationship, in which the members 
of two species live together in an association of mutual benefit, is an out- 
standing example of mutualism (or symbiosis). 

^ THE AMEBOID PROTOZOA 

T he ameboid protozoa (class Sarcodina) include all those protozoa 
which move about and capture food by means of pseudopods. Cer- 
tain of these resemble closely the 
typical ameba, described in chap- 
ter 3, and live free in fresh and 
salt waters and in damp soil. 

In addition to the free-living 
amebas, there are a number of 
species which live in the interior 
of animals, particularly the diges- 
tive tract. Most of them are 
harmless to the animal they in- 
habit, living in the intestine and 
feeding on bacteria and food frag- 
ments, at no expense to their host 
— a relationship known as com- 
mensalism. A few species are 
definitely parasitic, that is, they 
attack the host itself and fre- 
quently cause disease. These parasitic amebas resemble in appearance and 
activities the free-living species but lack con^actile vacuoles. 

About half a dozen species of amebas may live in man, of which only 
one, the dysentery ameba, Endamoeba histolytica, is definitely harmful. 
The dysentery ameba occurs in 5-10 per cent of the population of civilized 
countries and in as much as 60 per cent of the people in backward com- 



A harmless ameba, Emlamoeha coli^ lives in the 
intestine of man and feeds on particles in the intes- 
tinal contents. This particular specimen has just ren- 
dered a useful service to its host by engulfing a harm- 
ful parasitic flagellate called Oiardia. The smaller 
food vacuoles contain bacteria. (After Doflein) * 
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The dysentery ameba, Emlamoeba 
histolytica^ causes occasional epidemics 
in temperate regions, as when faulty 
plumbing allows sewage to get into 
the water supply. In tropical countries 
amebic dysentery is a constant menace 
and a serious drain on the energy of the 
natives. Travelers in the Orient, where 
human feces are used as fertilizer, 
should never eat uncooked vegetables 
or drink unboiled water. ( After Doflein) 


munities. It is passed on from one person 
to another by eating food or drinking water 
contaminated with the excreta of individu- 
als already infected with the ameba. The 
dysentery ameba inhabits the large intes- 
tine, where it feeds upon the living cells and 
tissues, leading to the formation of absces- 
ses and bleeding ulcers. The active amebas 
cannot live outside the body and therefore 
do not serve to transmit the disease, but 
they pass readily into the encysted stage, in 
which the nucleus divides twice to form 
four nuclei. These four-nucleated cysts pass 
out in the stools and, when swallowed by 
other persons, infect them with the disease. 
The poisonous drug, emetin, prepared from 
a Brazilian herl), is used in the treatment. 


It seems to be specific in that it is dead- 
ly for Endarnoeba huiolytica but not for 
the other intestinal amebas. Like most 
disease-producing organisms, parasitic 
amebas are better avoided than killed. 
Sanitary disposal of fecal matter and 
cleanliness in preparing food are essential 
in the prevention of the disease. 

The mouth ameba {Endarnoeba giagi- 
valis) is found in a large part of the hu- 
man population (perhaps 75 per cent or 
more) in the mouth, where it feeds on 
bacteria and loose cells. These amebas 
occur chiefly in the pockets formed be- 
tween the teeth and the gums in the dis- 
ease pyorrhea. It is not certain that the 
amebas play any role in the initiation 
of pyorrhea, but it is probable that they 



aggravate the disease, once it is started. 
This ameba does not form cysts, and is 
spread from mouth to mouth in eating 
and in kissing. The best one can do to 


Above^ the mouth ameba, Endarnoeba 
gingivalisf engulfs a leucocyte. Belou\ the 
tables are turned; three leucocytes have 
joined forces and are engulfing an ameba. 
(Modified after H. Child) 
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reduce the probability of infection is to take 
ordinary care of the mouth. 

Difflugia is a free-living ameba which gath- 
ers sand grains, cements them together with 
a sticky secretion, and thus builds a kind of 
house which it carries about with itself and 
into which it withdraws when disturbed. The 
various species of Difflugia can be recognized 
by the specific shapes of the protective cover- 
ings which they construct. Thus, while we 



appear to be classifying these amebas on 
the basis of differences in structure, we 
are also classifying them by their differ- 
ences in behavior. The common Arcella 
of fresh -water ponds secretes a hard 



shell about itself. When the animal Arcella is inclosed by its bemispherlcal 


divides, one daughter retains the shell; 

hole on the under side. 

the other has to construct a new one.. 



In a living foraminiferthe pseudopods extend 
through the pores in tlie walls of the shell as well 
as out of the main opening. 


xy'The forami niters (‘‘hole-bear- 
ers”) are ameboid protozoans that 
secrete many-chambered calcareous 
(chalky) shells. They occur abun- 
dantly in marine waters, some spe- 
cies floating near the surface, but 
most of them living in the mud of the 
ocean botton. A young foraminifer 
resembles an ameba and secretes a 
shell about itself. As growth con- 
tinues, the protoplasm flows out of 
the shell opening, spreads over the 
surface of the shell, and secretes an- 
other shell — thus making a second 
chamber. This process is repeated 
as the foraminifer grows, until some- 
times there are more than a hundred 
continuous chambers. Inmanycom- 
mon species the chambers are add- 
ed on in a spiral pattern, resulting 
in a shell that resembles a minia- 
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ture snail shell. The animal occupies all of the chambers and sends out 
long, delicate pseudopods through the pores in the walls of the shell, as 
well as out of the main opening. The pseudopods exhibit constant stream- 
ing movements and unite into pseudopodal networks in which food is 
captured and digested. 

Aside from their architectural accomplishments the foraminifers are 
remarkable among protozoa for the large size that some species attain. 
Living species may be larger than a pinhead, and certain extinct fossil 
foraminifers were as large as a quarter. However, most forms are just 
visible to the naked eye. 

It is astounding to contemplate the probable number of individual shells composing 
the chalk cliffs of Dover, England, or the large chalk beds (1,000 feet thick in places) 
of Mississippi and Georgia. The presence of chalk beds indicates that these regions were 
once covered by the sea, and such information is useful to geologists. The deposition of the 
shells, if we arc to j udge by the present rate of accumulation at the bottom of the Pacific, was 
about 2 feet in a hundred years. Most of the shells now being deiX)sited are those of the fora- 
minifer Clobigerina, which floats in the surface waters. These animals are constantly dying 
and their skeletons sinking in a slow but steady rain to the ocean floor, where they form a 
gray mud called “globigerina ooze." About flO per cent of the floor of the ocean (40,000,000 
square miles) is covered with globigerina ooze. Some deposits form chalk, with as much as 
90 per cent calcium carbonate. Nearer the shore the deposits contain sediments which 

have been washed from the land, and the resulting 
rock is a fossiliferous limestone such as the famous 
Itiiliana building-stone. 

Extinct foraminifers preserved as fossils in rocks 
are of great value in developing oil fields. Borings 
at different depths are examined for their fossil for- 
aminifers, and from the species present a great deal 
can be learned about the underlying rock structure. 

The radiolarians are ameboid protozoans 
that secrete elaborate skeletons composed 
mostly of silica. They extract the silica from 
the sea water just as foraminifers extract 
calcium carbonate. Food organisms are 
caught on the stiff pseudopods that radiate 
out through holes in the skeleton. Like 
many other marine protozoa, they have 
no contractile vacuoles. The cytoplasm is 
filled with (noncontractile) vacuoles that give it a frothy appearance 
and enable the animals to float. 

Radiolarian skeletons can be found in marine deposits in shallow water; but it is only 
in very deep regions that they occur in a concentration of at least 20 per cent and the de- 



The skeleton of a radiolarian 
may be relatively simple, with only a 
few large spine.s like this one, or may 
be an almost unbelievably intricate 
latticework of silica. (After Haeckel) 
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posit can be classed as “radiolarian ooze.” This ooze occurs in the Pacific and Indian 
oceans, where it covers an area of almost 3,000,000 square miles. Hardened radiolarian 
dejKJsits are found in other rocks as siliceous inclusions, flint or chert. 

The heliozoans are the only fresh-water ameboid protozoa which are 
comparable to the exclusively marine radiolarians. Some forms have per- 
forated siliceous skeletons which resemble those of radiolarians, but others 
have only a gelatinous covering or a skeleton of loosely matted needles of 
silica. Fresh-water species have a contractile vacuole. The radiating 



A common heliozoan, Actinophrys sol, is sometimes called the “sun animalcule” because its stiff 
radiating pseudopodia, whose firm protoplasmic axes run through the cytoplasm and converge 
around the centrally located nucleus, suggest the rays of light from the sun. 

pseudopods are even stiffer than those of the radiolarians and show little 
movement besides a streaming of the granules in the protoplasm. When 
a large organism is being engulfed, several pseudopods work together. 
The firm protoplasmic axes of the pseudopods are absorbed, and the 
pseudopods wrap themselves around the prey and inclose it in a food 
vacuole. 

THE BPORE-FORMERS 

T he spore-formers (class Sporozoa) have no special mode of locomo- 
tion and are all parasites. Some of them are responsible for human 
disease. They are called sporozoans because they reproduce by ‘^spores,'’ 
in the formation of which the nucleus of a protozoan divides many times 
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Diagram of the life-cycle of the malarial parasite. The phases of the cycle in the mosquito are 
shown in the diagram of the mosquito. The phases in the blood stream of man are shown superim- 
posed on the temperature chart of a malaria patient. The bursting of millions of red blood cells, 
liberating spores and black granules, coincides with the regular periods of high temperature. (After 
various sources) 
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until a number of nuclei have been produced. A little cytoplasm then 
gathers around each nucleus, and the protozoan falls apart into a number 
of offspring, corresponding to the number of nuclei. The products of such 
sporulation may be naked or they may be inclosed in a resistant wall. 

An example of the Sporozoa is the malarial parasite, the cause of 
malarial fever in man and other warm-blooded vertebrates. This parasite 
enters the red blood cell as a minute ameboid form which feeds and grows 
until it occupies almost the entire volume of the cell. After attaining full 
size, the parasite undergoes sporulation, dividing into a number of off- 
spring. The cell breaks up, and the young spores and black granules 
(waste products from the decomposition of the red substance, hemoglobin, 
in the cells) are set free into the circulating blood of the infected person, 



Anopheles Culex 


Malaria is transrnitte<l to man only by mosquitoes of the genus Anopheles, whose characteristic atti- 
tude while biting is shown contrasted with that of Cvlex^ one of our most common mosquitoes. 
Culex transmits the sporozoan that causes bird malaria. 


causing an attack of chills and fever. The offspring next penetrate into 
new cells and repeat the foregoing history, sporulating in turn into new 
batches of offspring. In this manner there are soon produced billions of 
parasites, which destroy a large percentage of the red blood cells. After 
asexual multiplication has continued for some time, certain of the para- 
sites develop into sexual forms. These develop no further unless blood 
containing them is sucked up by a mosquito of the genus Anopheles which 
happens to bite an infected person. Within the stomach of the mosquito, 
the egg-producing cell becomes an egg while the sperm-producing cell 
divides into sperms, which then escape. The sperms are very slender and 
are provided with flagella. They fertilize the eggs, and the resulting zy- 
gotes take on an active wormlike form. They wriggle through the stomach 
wall to its outer layer, where they become inclosed in capsules formed 
partly by stomach tissue. Here they grow enormously, forming little wart- 
like projections, which may eventually cover the outside of the mosquito’s 
stomach. Inside its capsule each zygote divides into a number of nu- 
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cleated bodies, and each of these then produces a large number of slender 
offspring called ‘^sporozoites/’ Each zygote may produce as many as ten 
thousand sporozoites. The sporozoites migrate to the salivary glands of 
the mosquito and are injected into the wound when the infected mosquito 
bites a man. The parasites invade the red blood cells, become ameboid, 
and go through the cycle described. 

The disease begins with the bite by an infected mosquito. No symptoms appear for two 
or three weeks while the parasites are multiplying, destroying more and more red blood 
cells, and liberating poisonous metabolic products into the blood stream. When there are 
about a billion parasites in the body, chills and fevers begin — a shivering chill followed by a 
burning, sweating fever. The body temperature may rise to 104° F. or even to 100° F. The 
attacks come regularly every 48 hours (or at other intervals, depending upon the species 
of parasite) because of the simultaneous liberation of all of the parasites. These periodic 
and weakening attacks usually last over a period of two weeks. Recovery may be followed 
by recurring attacks. The drug quinine is effectively used in the treatment and prevention 
of the malaria. 

To control the disease, malaria patients must be kept in screened rooms so that they 
will not serve to infect mosquitoes. More important, the mosiiuitoes must be eliminated. 
Draining swamps, spraying ponds, or stocking ponds with fish that cat mosquito larvas 
are effective methods of control. 

Malaria is the most important disease of man in the world as a whole. At least half the 
people who die, from all causes, are probably killed directly or indirectly by malaria. In 
India alone, over one million persons die of malaria every year. In the United States 
there are more than one million cases of malaria a year, largely confined to the southern 
states; but relatively few deaths occur, because of better treatment. 

The appalling social and economic conse- 
quences of this widespread disease make it a 
problem that requires attack not by individ- 
uals alone but by governments. It has been 
suggested that the ancient Greek Empire was 
overthrown not by conquering peoples but by 
the sporozoan that causes malaria. 

THE CILIATED PROTOZOA 

T he ciliates (class Ciliata) are dis- 
tinguished from other protozoa by 
the possession of cilia and by the pres- 
ence of two kinds of nuclei. These 
two characteristics immediately iden- 
tify the paramecium, which we have al- 
ready studied in some detail, as a member of this class. Like the para- 
mecium, most ciliates collect food by means of ciliary currents and are 
bacteria-feeders, although a few capture and ingest other protozoa and 





cyst wall 



e. 

Colpoda. A, active animal. B, encysted 
animal. (B, after Kidder and Claif) 
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various other micro-organisms. In many ciliates 
the entire body is covered with cilia, as in the 
paramecium ; but in others the cilia are greatly 
reduced in number and limited to particular re- 
gions of the body. The distribution of the cilia 
provides a convenient basis for dividing ciliates 
into four orders. 

In the holotrichs, of which the paramecium 
is a member, the cilia are all short, fairly equal in 
length, and are evenly distributed over the sur- 
face in rows or restricted to certain regions. 
Most of the members of this order have tricho- 
cysts, but these structures are rare in other or- 
ders. Next to the paramecium, Colpoda is per- 
haps the most common of the fresh- water holo- 
trichs. Opalina is a parasitic ciliate that lives 
in the rectum of frogs, apparently without ill 
effects on its host. It lacks a mouth and presum- 
ably obtains its food by diffusion of the intesti- 
nal contents through the cell membrane. There 
is no contractile vacuole. Didinium is a holo- 
trich that works hard for a living; it eats almost 
nothing but paramecia. From the center of the 
front end of the animal projects a snout which 
is armed with structures resembling trichocysts. 
Didinium swims about at top speed, ‘Trying” 
to pierce everything with which it comes into 
contact — plants, another Didinium, or even the 
glass walls of an aquarium. With these it has 






Didinium eats a paramecium. 
(Mostly after Calkins) 



Opalina divides. A, normal animal has a large number of nuclei. B, C, D, stages in division of 
the cytoplasm. Division is longitudinal. Arrows show direction of swimming. 
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no success. When it chances to strike a para- 
inecium, the snout penetrates and the prey is 
swallowed bodily. 

A second group of ciliates, the heterotrichs, 
has, in addition to a covering of short cilia, a 
zone of large cilia around the mouth which in- 
creases the efficiency of the feeding currents. 
These large and powerful cilia, called mem- 
Thc membranelles of ^tcntor branelles, are really triangular plates formed 
are triangular plates formed by by the fusion of a number of cilia. They usu- 

iM^af^Dofleinf ally occur in a row or circlet around the mouth 

end of the animal. Coincident with the de- 



velopment of membranelles, these animals frequently have sessile habits, 
that is, they tend to fasten themselves to the substratum. One of the most 


familiar of such forms is Stentor, a trumpet- 
shajjed animal which can swim about freely 
but, when feeding, attaches by its lower end 
to a water plant or similar object, stretches 
out to full length, and vibrates its circlet of 
membranelles so rapidly that they look like 
a swiftly rotating wheel. The water current 
thus produced sweeps small animals into the 
gullet. Stentor has a remarkable type of 
large nucleus, resembling a string of beads, 
and may have up to eighty small nuclei. 
Beneath the surface there are lengthwise 
contractile fibers which shorten the animal. 
Balantidium coli is the largest protozo- 
an that lives in man and is the only ciliate 
that is at all common as a human parasite. 
It inhabits the large intestine, with conse- 
quences that are often fatal and something 
like those resulting from the activities of 
the dysentery ameba. Balantidium occurs 
not only in man but also in pigs and mon- 



Stentor is a giant among protozoa; 
some specimens may be ^ inch in 
length. An investigator who placed a 


keys. Man probably becomes infected 
through too close association with infected 
animals. Although parasitic protozoa gen- 


hungry Stentor in a thick suspension 
of euglenas estimated that the flagel> 
lates were taken in at a rate of about 
100 per minute. 
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erally lack contractile vacuoles, Balantidium has a conspicuous vacuole. 
Perhaps this is related to the fact that Balantidium, unlike many par- 
asitic forms, feeds by means of a mouth. 



Stylonichia swims across the field of a microscope in rapid jerks, but it is easy to observe when 
it is crawling about on its cirri, as shown here. 

The differentiation of cilia seen in the heterotrichs is carried to very 
curious extremes in the hypotrichs, which are flattened and have the cilia 
confined almost entirely to the lower surface. The upper surface may bear 
a few stiff, bristle-like cilia, but on the lower surface some of the cilia are 
fused in groups to form heavy cirri. These cirri do 
not beat rhythmically like ordinary cilia but are 
used like legs as the animal crawls about on vege- 
tation. Stylonichia is one of the most common of 
the hypotrichs in fresh water. Euplotes, mentioned 
in chapter 3, is a hypotrich. 

In the peritrichs the cilia are usually limited to a 
ring around the mouth. Some of these, like Vorti- 
cella, live singly, while others form branching, 
treelike colonies. These animals have lost nearly 
all their cilia except the circlet of powerful mem- 
branelles around the broad anterior end of the bell- 
shaped body. The body is firmly attached to the 
substratum by a slender stalk containing a spiral 
contractile fiber, and in the surface layer of the bell 
there are contractile fibers like those in Stentor. 

When undisturbed, the bell is poised, fully expand- 
ed, on the end of the long, straight stalk, with the 
membranelles in rapid action. The least disturb- 
ance causes the stalk to contract like a coiled spring, while the bell also 
contracts, folding its edge over the membranelles. The vorticellos feed 



VorHceUa was so named 
because of the Utile vortex 
or whirlpool which it creates 
in the surrounding water by 
the action of the membra- 
nelles about its mouth. One 
individual is shown extend- 
ed; the other, contracted. 
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chiefly on bacteria brought into the gullet by the ciliary current made by 
the membranelles. They reproduce by lengthwise division; one of the 
daughters retains the stalk, while the other develops a posterior circlet of 
cilia and swims away, later developing a stalk and i),ttaching itself. Any 
bell can also develop such a ciliary girdle, break loose from its stalk, and 
swim away; and vorticellas exhibit this behavior when conditions be- 
come unsuitable. The vorticellas have one large sausage-shaped and one 
small nucleus. Conjugation occurs, but the two conjugating animals are 
of very different size. 


T he suctoria are a highly specialized group of protozoa which are in- 
cluded among the ciliates because the young suctorians have cilia. The 
adults lose the cilia and are characterized by the possession of long, hollow' 
protoplasmic extensions, called ‘Tentacles,’" through which they suck up 
the protoplasm of their prey. Tokophrya, a typical suctorian, is at- 
tached to the substratum by a long noncontractile stalk and bears numer- 
ous tentacles which are held rigidly extended. When a ciliate happens to 

come in contact with the tenta- 
cles, it is seized. The tentacles 
are enlarged at their ends into 
sucking funnels, which in some 
w'ay puncture or dissolve the 
outer protective covering of the 
prey and then suck up the pro- 
toplasm. 

I N THIS chapter w e have seen 
that the limitations of differ- 
entiation within a small proto- 
plasmic mass have not prevent- 
ed the development of an enor- 
mously varied and extremely 
successful group of animals. 



A suctorian, Tokophrya, feeds on a Euplotes many ''fhe pliyluin Protozoa probably 
times its own size. It will take the .suctorian about shows more variation in form, in phys- 
ic minutes to suck its victim “dry, and by that time iology, and ill behavior than the mem- 
tl.e suctorian will be stretcl.eU to several times its phylum. Hence. 

normal size. (From A. E. Noble) ..i • a r i .1 . . 

some zoologists feel that the protozoa 

deserve more than just a phylum rating in the animal kingdom. They would elevate the 

phylum Protozoa to the subkingdom Protozoa to distinguish them as a large and important 

group, w ith a very different plan, from all the multicellular animals. 




A cliiioflAgellat*^ Cermtium, EuglMMi divldifia. Hht fisgeiiiin mtd 
has projectioos whidi aid in float* anterior |iaft nl the aniniai have already 
ing. Fotind in ponds and lakes, split A smafl flagellate » seen at tlie 
sometimes in tap water. (Fhoto of riiflit. (Plioto ol Kirlng apimais) 
preserved spedmen fey P. S Tieej 


A pamHk flanaliaii 

(rUmiia, diat lives in t| 
smaM mtestkieof iiiaa» can 
mg dkirhea. (Dtawmi 
courtesy Anay Med, Musa 






r rypanosomes {T rypatiosoma gambieiise) which cause African sleeping sickness are shown here in a blood smear, 
imong the red hl(K>d cells The parasites are about 1/1,000 inch long. Trypanosomes probably lived originally- 
n the intestine of blood-sucking insects, where they w-^ere constantly exposed to the vertebrate bhwd ingestecl 
>y their insect hosts. Accidentally introduced into the blood of vertebrates by the bites of insects, the Oagel- 
ates became adapted to their new environment, and finally dependent for part of their life-cycle on development 
n the blood stream of n vertebrate, (Photo of stained preparation. Courtesy Gen. Biol. Supply House) 



ianosofii« dividing in blood of rat. The flagellum Victim of African sloopina sicknesa. Much of 

^sady divided but the nucleus is still single. This the laziness attributed to the African natives by the 

Sate {Trypanosoma leioisi) does not harm the rat. early explorers was no doubt due to this disease, anij 
1 a rat is infected, the parasites multi{dy rapidly at .slave-traders early teamed not to accept as alav^ 
hut gradually the rat's blood devel<^ the property Negroes having swoflen glands in the neck, a syni|r 
lihiting their reproduction. (Photo ^ined prep- tom of trypanosome infection. (Photo made in Bf 
»n. Courtesy General Biotegteal Ekmse) gian Congo. Courtesy Army JMledicai Museum) | 



Li vino foraminifnr in organic debris scraped from tbe Globigarina is one of the most common foramin | 
surface of a bit of seaweed. Ixmg delicate pseudopo^, feis. Hie fadiating process^ are sfnn^ op the sheij 
by which the animal feeds, can be seen exte^ing The psendc^xMis are all withdrawn into the she!* 
through the shefl. (Pac^ Grove, Cafifomia) Photo of living animal. Pacific Grove, Califotniili 




lass model of living radiolarian. The black cen Glass model of radiolarian skeleton 

il body represents the nucleus. This is surrounded by a shows spherical symmetry characteristic of 
toplasniic capsule which, in turn, is imbe<lded in a frothy free-floating protorxwi that cannot swim and 
oioplasm. The pseudojxKis differ from those of forambifers imist meet their environment on all sides. 

Hist.) (Photo courtesy Amer. Mus. Nat Hist.) 
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Dysentery ameba {EfuiaTmAmlK, 
huinlytiea ) . />/f, 1 i v-^ing aniina 1 <M>n - 
tairiing engulfed rtMfl bkKKl cells, 
from a fresh stooroT an ainehk*- 
dysen tery pat ien 1 . Right, cyst . I'h is 
is the resistant ft»rrn which is iiitec- 
tious, sinc’C it alone can survive the 
trip from person to person . {Photos| 
courtesy Army Medical Museum) 


Gregarines are sfKirozoan jwrasitesof the intestine and 
l)ody cavity of worms and insects. They do not live in 
side cells, hut cling to the cells by the end shown here 
on the right. I'his one was found in the digestive glands 
of an acorn w’orm. (Photo of living animal. Bermuda) 


Malarial parasite. Tj'ft {PUhsmodivni fulc/jxirum),^ 
f< male >exual form among red blood c<;lls. Right (P.f 
tirax), red blood cell breaking up and liberatingj 
young s]:K>re'i wfu’ch are about to enter new' red blood| 
c< lls. (Photo courtesy Army Medical Museum) | 
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Parasitic ciliate {Bedantidium cofi), largest (1/300 
inch) protozoaji inhabiting the human intestine. It 
causes dysentery. The most common source of infec- 
tion is the .pig. (Photo courtesy Army Med. Mus.) 


A hypotrich does n<»t row' itself al>out by means ofji 
numerous fine cilia but progresses by jerky move-ii 
rnents of the largt* fused cilia on the lower surface of 
the animal (Photo of living animal) 






Iptftiitors are large, trampet-dbaped cili- 
tea which remain feed to some object 
rhile feeding. The animals are named for 
. Gredc herald, described in the Iliad, who 
^ad a very knid trumpet-like voice. 








Vorticellas are bell-shaped cillates which 
live attached by a long stalk within which 
is a oontnctile fiber, clearly shown here. 
At the slightest disturbance the stalk con- 
contracts like a oofled paring and the body 
is whisked down out of reach ol the offend- 
ing object. (Photos on this page from 
Boemmert, courtesy Natan Magaadnei 



CHAPTER 6 



A SIDE ISSUE-SPONGES 

S ponges, or rather the skeletons of sponges, were commonly used 
by the ancient Greeks for bathing, for scrubbing tables and floors, 
' and for padding helmets and leg armor. The Romans fashioned 
them into paintbrushes, tied them to the ends of wooden poles for use as 
mops, and made them serve, on occasion, as substitutes for drinking-cups. 
Today, sponges have an even wider variety of uses, and “sponge-fishing’’ 
is an industry which every year produces over one thousand tons of 
sponges. Bath sponges grow only in warm shallow seas; but many other 
kinds live in the ocean depths, and some are successful in fresh waters. 

A living bath sponge looks more like a slimy piece of raw liver than like 
the familiar sponge of the bathroom. It grows attached to the substratum 
like a plant, and to the casual observer shows the same kind of unrespon- 
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sive behavior. For a long time sponges were variously described as ani- 
mals, plants, both animal and plant, and even as nonliving substances, 
secreted by the many animals that take shelter in the cavities of a sponge. 
In fact, it was not until about a hundred years ago that the last skeptics 
were finally convinced of the true animal nature of sponges. The question 
which they had been asking and which had previously not been satisfacto- 
rily answered was: “Since sponges do not move about and apparently do 
not respond rapidly to conditions about them, how can they capture food?” 

This question is readily answered by adding a suspension of colored 
particles to the water near a sponge, thus disclosing a great deal of un- 
suspected activity. A steady jet of water is seen to issue from one or more 
large holes at the top of the animal. Closer inspection reveals that water 
is at all times entering through microscopic pores that riddle the entire 
surface. The sponge lives like an animated filter, straining out the minute 
organisms contained in the stream of water that passes constantly through 
its body. From the possession of the millions of pores, this phylum of ani- 
mals has been called the PORIFERA, or “pore-bearers.” 

U P TO now, all the animals that we have considered were microscopic 
masses of protoplasm. Larger animals, like the sponges, are not 
merely larger masses, but their protoplasm is subdivided into microscopic 
units or cells. This many-celled structure is necessary for increase in the 
size of animals chiefly because the diffusion of oxygen and of metabolic 
substances is such a slow process that the interior of a large mass of proto- 
plasm would not receive oxygen or dispose of wastes fast enough to sup- 
port life. Cellular construction divides a large mass into a great number of 
small masses, or cells, making it possible to have spaces between them and 
thereby exposing an aggregate surface area many times that of the un- 
divided bulk. This increases the surface through which substances can 
diffuse in and out of the protoplasm. Also, the distance that they must 
travel by diffusion is reduced because substances can be brought to nearly 
every cell in water currents. A glance at the diagram of a simple sponge 
shows that much more surface is exposed by this cellular construction 
than if the same amount of protoplasm were in a simple, solid mass. 

Increase in size depends upon cellular construction for another reason. 
Since living protoplasm has a consistency much like that of raw egg 
white, a large amount of ordinary protoplasm could not maintain a 
constant shape or erect position. When the protoplasm is partitioned into 
microscopic cells, each inclosed in a membrane, it is more like beaten egg 
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white, which has ^‘cells’’ of air and albumin, instead of protoplasm. A 
cellular protoplasmic mass can take on almost any form, especially when 
supported by skeletal structures. 

In one-celled animals specialization is that of different kinds of inter- 
mingling protoplasms. Consequently, a protozoan is limited not only in 
size but also in degree of specialization. In contrast with this protoplasmic 
level of organization, the most primitive of the many-celled animals — the 
sponges — may be said to be constructed on a cellular level of organiza- 
tion. No one cell must carry on all of the life-activities, but different cells 
may become specialized for different functions. The various kinds of cells 
are not rugged individualists like the protozoa but show definite socialistic 
tendencies. Only certain types feed; and these pass on some of the food 
to cells that specialize in protection, mechanical support, or reproduction. 
This division of labor among cells makes for greater eflSciency and in- 
creases the possibility of exploiting sources of energy not available to 
simpler organisms. On the other hand, cells that specialize in certain 
jobs lose the ability to perform other functions and therefore become less 
able to lead an independent life. 

The advantages of multicellularity are clear, but just how animals came to be composed 
of many cells is a question to which no definite answer can be given. One view is that as 
organisms grew larger and the amount of protoplasm increased, the nuclei divided, and 
then cell boundaries appeared. Another view is that the many-celled condition resulted 
from the failure of single protozoan-like cells to separate completely from each other after 
division. An example of this is seen in some of the colonial protozoa such as Volvox (p. 40). 

A SIMPLE sponge (like Leucosoleiiia) is a vase-shaped sac with a large 
excurrent opening at the top and microscopic incurrent pores per- 
forating the sides. The sac is covered and pro- 
tected on the outside by flattened covering 
cells, which fit together like the tiles in a 
mosaic. 

The large internal cavity of the sponge is 
lined by a special kind of cell, called a collar 
cell because its free end is encircled by a deli- 
cate collar of protoplasm; this free end also 
bears a long flagellum whose base passes 
through the collar .^he beat of the flagella of the collar cells creates the 
water current which passes through the sponge, entering by the minute 
pores, passing through the main cavity, and leaving by way of the large 
hole at the top. As the water current passes through, the collar cells cap- 



A colony of simple sponges 

{Leucosolenia), natural size. 
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ture and ingest food organisms in the same way as do certain flagellate 
protozoa. The flagellum undulates from base to tip, causing a stream of 
water to flow away from its tip. Such a stream brings particles toward the 
base of the cell. The collar prevents the movements of the flagellum from 
driving away particles as they approach the cell. Particles stick to the 
outside of the collar and pass down its outer surface into the cytoplasm 




Types of sponge cells. 1 , epithelial cells. 2, mesenchyme cells. 3, pore cell. 4, three mesenchyme 
cells forming a spicule. 5 , contractile cells around a pore. 6 , collar cell. 


at the base, where they are engulfed. The collar cells digest food in food 
vacuoles or pass it on to certain other cells that carry on digestion.'^ 

The collar cells look and behave almost exactly like the collar-ilagellates (described on 
p. 43). For this reason it is believed that sponges evolved from the same group of ances- 
tral protozoa that also gave rise to the modem collar-flagellates. 


Between the outer covering cells and the collar cells is a nonliving jelly- 
like material containing living mesenchyme cells which move about in 
ameboid fashion and are more or less attached to each other by pseduo- 
pods. These are the least specialized cells and can develop into any of the 
more specialized types. They receive partly digested food particles from 
the collar cells, complete the digestion, and carry the digested food from 
one place to another. They probably also transport waste material to sur- 
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Spicules from calcareous sponges. 


faces, from which it can be carried 
away by the outgoing current of water. 

One of the chief functions of some 
of the mesenchyme cells is to secrete 
needles of calcium carbonate called 
spicules. The spicules form a skeletal 
framework which supports the soft cel- 
lular mass, keeps the canals from col- 
lapsing, and enables the sponge to 
grow to considerable size. 

The spicules of sponges vary considerably 
in form. One sponge may have spicules of sev- 


eral shapes. But as these are fairly constant 
for any particular species, they serve as an im- 
portant criterion in identification. 

The simple sponge, Leucosolenia, belongs to a 
group which are known as the chalky or cal- 
careous sponges because they have spicules 
of calcium carbonate. The glass sponges 
possess silicious spicules. The horny sponges, 
which include the familiar sponges of com- 
merce, have a skeleton made of a horny elastic 
substance called ‘‘spongin,*’ chemically related 
to silk and horn. 

Another type of mesenchyme cell is 
the pore cell, shaped like an old- 
fashioned napkin ring. In a simple 



Spicules from silicious sponges. 



sponge the pore cells lie with their 
outer ends opening among the cov- 
ering cells and with their inner ends 
opening among the collar cells, so that 
they form the pores through which 
water is drawn into the sponge. 

In some sponges there are special 
elongated contractile or muscle cells, 
which produce movement by becom- 
ing shorter (and thicker), thus draw- 
ing closer together the structures to 


Fibers of a horny sponge. which they are attached. They are 




excurreni; opening 



Part of a colony of a simple Sponge. The upper part is cut away to show the structure. 
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arranged around openings, and, when irritating substances are present in 
the water, the contraction of the muscle cells narrows the openings. 

Because there are no sense cells to receive stimuli from the environment 
and no nerve cells to transmit them to other parts of the sponge, the 
muscle cells must be stimulated directly in order to contract. Any sponge 
cell is irritable and will react if directly affected, but the animal cannot 
respond as a unified whole. A strong touch or even an actual cut is appar- 
ently not transmitted beyond a short distance. Sponges are very insensi- 



plex sponge, like the bath sponge, with elaborate system of canals and flagellated chambers. 
(Modified after various sources) 

live to conditions about them, and, when they do react, as in decreasing 
the size of their openings, it is only with extreme slowness. 

This lack of a specialized co-ordinating system accounts for the low 
grade of individuality of the sponge. Many sponges are of irregular size 
and shape and consist of numerous individuals inextricably fused into a 
single large mass or colony. An individual can only roughly be distin- 
guished as a part of the sponge colony served by one of the numerous 
large openings. 

In addition to bringing a constant supply of food, the continuous cur- 
rent of water passing through a sponge furnishes an ample supply of oxy- 
gen for all the cells and carries away carbon dioxide and waste nitrogenous 
substances. Consequently, even very large sponges do not have any spe^ 
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cial mechanisms to aid in respiration or excretion, but simply have a larger 
y and more efficient system of canals. 

The evolution from small, simple sponges to large, complex sponges revolves chiefly 
about the problem of increasing the surface in proportion to the volume. If a simple sponge 
like Leucosolenia were to enlarge indefinitely without any modification in structure, it 
would soon reach a point at which the internal surface available for the location of collar 
cells would not he large enough to bear the number of collar cells necessary to take care of 
the food demands of all the other cells composing the large bulk. In some sponges this prob- 
lem has been solved by a simple folding of the body wall, which increases the surface avail- 
able for the location of the collar cells and strengthens the body wall. In most sponges, 
like the bath sponges, there has been a further increase in the folding of the walls, resulting 
in very intricate systems of canals with innumerable chambers lined with flagellated cells. 
^ Complexity serves to increase the efficiency of the sponge in another way. A sessile 
animal cannot get up and leave when the food or oxygen supplies of its environment run 
low. The water which leaves a sponge has been filtered of much of its food and oxygen and 
is loaded with poisonous wastes resulting from metabolism. If this water is not thrown 
sufficiently far away it will enter the animal over and over again. The evolution of the 
structure of sponges, then, has been in improving the rate of flow of water through the 
sponge and in separating as completely as possible the outgoing from the incoming water. 

Sponges may reproduce sexually. Some cells of the mesenchyme en- 
large greatly with reserve food and become female sex cells or eggs; other 
mesenchyme cells divide to form male sex cells or 
sperms. In some sponges both kinds of sex cells 
(gametes) may arise in one individual. In others 
they occur in different individuals, in which case 
the sperms are brought into the female sponge in 
its water current. The fertilized egg develops into 
a flagellated larva, which finally escapes fAm the 
parent body and swims about. The term “larva’’ 
is applied to young free-living stages in the devel" 
opment of animals. After swimming about for a 
short time, the sponge larva settles down, becomes 
firmly attached, and grows into a young sponge. Through their larvas 
the sessile sponges are able to spread geographically and to send some of 
their offspring far enough away from home so that they do not set up busi- 
ness in direct competition with their parents. 

Sponges reproduce asexualiy by budding and branching, somewhat like 
plants. A simple sponge (JLeucosolenia) sprouts horizontal branches 
which grow over the rocks and give rise to an extensive colony of upright 
vase-shaped individuals. Also, buds may break off and grow into new in- 
dividuals. Some sponges grow as irregular incrustations and increase their 



Sponge larva. 
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mass indefinitely over the surface of rocks, vegetation, wharf pilings, or 
even on the backs of crabs. Thus, it is not surprising that a complete in- 
dividual will grow from almost any piece which has been broken from a 
living sponge. 

Many sponges produce asexual reproductive units known as gem mules, which consist 
of a mass of food-filled mesenchyme cells surrounded by a heavy protective coat strength- 
ened with spicules. The gemmule survives drying and freezing and carries the sponge over 



Gemmule of a fresh- water sponge. (Modified after Evans) Sponge cells emerging from gemmule. 

(Modified after Wierzejski) 


the winter season or a period of drought. Under favorable conditions the sponge cells 
emerge through a thin spot in the gemmule coat, aggregate in a small mass, and grow into 
a new sponge. 

All animals — but particularly the less specialized ones — have some 
capacity to replace lost or injured parts, a process called regeneration. 
Some sponges are noteworthy in this respect, and under a certain kind of 
treatment their cells display a behavior which reminds us strongly of the 
absurd cartoons which show a dog being ground to bits in a meat-grinder, 
only to emerge as small, compact sausages which still retain some of the 
behavior of the original dog. When certain sponges are pressed through 
very fine silk bolting-cloth, such as is used for sifting flour in flour-mills, 
the cells are separated from one another and come through singly or in 
small groups. In a dish of sea water these separated cells creep about on 
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the bottom in ameboid fashion. When they happen to come in contact 
with each other, they stick together; and after some time most of the cells 



Cells separated by pressing a living sponge The cells move about in ameboid fashion and 

through fine silk bolting-cloth. aggregate in small masses which grow into 

small sponges. (After H. V. Wilson) 


are found to have united into one or more small masses. Finally, these 
masses of aggregated cells grow up into new sponges. 

T he sponge body plan is unique. No other many-celled animals use 
the principal opening as an exhalant opening instead of a mouth, or 
have the peculiar collar cells, or show so low a degree of co-ordination be- 
tween the various cells. Hence, it is thought that the sponges have evolved 
from a group of protozoa different from the ones that gave rise to all the 
other many-celled animals. And the phylum Porifera has sometimes 
been set aside as a separate subkingdom of animals. There is no evidence 
that the sponges have ever given rise to any higher group. This does not 
mean that the sponges have been a failure, for they are an abundant and 
widespread phylum. The “sponge plan” is of interest to us because it 
illustrates the cellular level in animal structure (cell differentiation with- w 
out much cell co-ordination), a stage which can no longer be found among 
the other many-celled animals. But in the general trend of animal evolu- 
tion the sponges are little more than a side issue. 





:atcw«€ltit »ponge Horny sponge. The elephant’s^r sponge, from the Medtl 

ra! mdividuais att;aehed to a shell. He- ranean Sea. has numerous excummt openiBg^s on tihe , inner wal 

*u\ two enlarged; actual size | inch high, the cup. Its fine-grained texture and fiatness (whon cut up) ma 

:'hoto of preserved specimen) it valuable to enamelers and potters. (Photo of dried skeleton) 
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Fresh-water sponges grow in streams, lakes, and ponds as irregular incrusting mass^ses on sticks and sttwaesJ 
'l"hey grow up to the size of one’s hand and are usually yellow or browm in (»Ior hut, when growing in strong! 
siinlight, may l>e green from the presence of unicellular algae living in their tissues. SpongiUa, shown here, hasi 
a horny skeleton combined with silk?ious spicules. (Photo courtesy American Museum Natural History) 
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pfcules from a caJt:am>us simiige. I’he interlacing 
these triradiate and single needless of calcium car- 
mate provides suppirt for the soft walls of the 
onge and keeps the canals from collapsing. (Photo 
urtesy General Biological Supply House) 


This gemmule, found in a Wisconsin lake, has anchor- 
shaped silicious spicules, which help to protect the group 
of cells within. The gemmule withstands the winter; in 
the spring the cells emerge and grow into a new sponge 
(Photo courtesy J. R. Neidhoefer and F. A- Bautsch) 








' ^ % 


^ I 




M 




EnTZ* j W<,photomicrograpb of . bit oldrg sponge 

keieton. Right, water bas been added and is taken np by the fibers as well as into the ^Moes betwewi fii^ 





Sponge-fishing in the United Sbites has its center at 
Tarpon Springs. Florida, where the s|Kmge fivshermen 
bring in their *‘catch.” The sponges are brought up by 
divers and after preliminary cleaning are hung on the 
rigging, where the rest of the protoplasm decays. 


Hooking sponges is a metliod used in shallo 
water. While one man rows, the other scans the 
tom thrt>ugh a glass bottomed bucket (which cuts f 
surface reflections) and pulls up the sponges with 
two-pronged hook on the end of a long pole. 



PfOpariffHl spofigos for the martcet. Aft^ being cleaned to remove the cellular debris* the ^nge is poundji 
witli a wooden mallet to break up the shells of various invertebrates that took shelter b the cavities of the Uvil 
sponge. Then all irregularities are trimmed oS with ^ears* as shown in the picture. (All photos on this paj 


from a motion picture made by James Bhodes Co. Courtesy L. E. Diamond) 



ItHtiofis of spongos «r« usod 

fery year for washing autoina- 
ies» for washing walls. Boors, and 
ilmgs, and for various cleaning 
id polishing purposes in indus- 
■y. Iti the home sponges are used 
ostly for bathing and household 
^ning, and also lor applying 
^ cream and shoe polish. The 
ugh elastic fibers of natural 
onges stand hard wear much 
tier than those of rubber or 
her synthetic “sponges.*’ Of 
e thousands of diBereni kinds 
onges in nature, only a few 
ecies of homy sponges are soft 
ough to be of much commercial 
hie. Our Florida ^onges are 
od enough for most cleaning 
iposes, but the finest ones come 
m the Mediterranean Sea. 
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tal “gardens^* ^ the eo^ -:F1fWKhi. (ftm fA‘m\ . . * 



CHAPTER? 



TWO LAYERS OF CELLS 

T he hydra lives in ponds, lakes, and streams, attached to rocks or 
water plants by a sticky secretion from its disklike base. The body, 
with its tentacles encircling the mouth, looks like a half-inch of 
string with the unattached end frayed out into several strands. Because 
of its small size, transparency, and habit of contracting down into a little 
knob when disturbed, the animal is readily overlooked. Yet, hydras are 
abundant and are the only really successful ones among the few members 
of their phylum that have invaded fresh water. The marine relatives of 
the hydras — the jelly fishes, sea anemones, and corals — are the more con- 
spicuous members of the large and varied phylum COELENTERATA. 
The name of the phylum is derived from ‘‘coel,” meaning ^‘hollow,’’ and 
“enteron,’' meaning "'gut,’’ and refers to the fact that the main cavity 
of the body is the digestive cavity. Beginning with the coelenterates, 
all higher animals have a digestive cavity which connects with the out- 
side through a mouth. For this reason, among others, it is believed that 
modern coelenterates, unlike sponges, evolved from the same stock that 
gave rise to all the higher phyla. 

O NE might suppose that in the course of evolution a great many diflPer- 
ent types of cells would arise; but when animals are examined micro* 
scopically, it is found that their ceils may be classified into a few main 
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types — about five; epithelialy mesenchyme or connective, muscular, nerv- 
ous, and reproductive. All but nerve cells were already present in the 

most primitive many-celled ani- 
mals, the sponges. Nerve cells 
are added by the coelenterates. 

An association of cells of the 
same kind which work together 
to perform a common function is 
called a tissue. Thus, a mass of 
mesenchyme cells or some other 
type of connective cells is known 
as a “connective tissue,” a bun- 
dle of muscle cells is spoken of as 
“muscular tissue,” and a group of nerve cells as “nervous tissue.” Sponges 
were presented as animals organized on a cellular basis, but they have some 
beginnings of tissue formation. For instance, the flattened cells covering 
the exterior and lining some of the chambers were fitted closely together to 
form a covering membrane. Such cells, clothing a free surface, are called 
“epithelial cells”; and the tissue they form is called an epithelium. 

The higher animals — man, for example — have many more different kinds of cells than 
a hydra, but they are all modifications of these same basic cell types. An epithelium covers 
the exterior surface of man, lines his mouth and digestive tract, lines his heart and blood 
vessels, and is folded in various places to form glands. Liver and thyroid cells are epitheli- 
al; blood and bone cells are mesenchyme or connective-tissue types. 

The organization of cells into tissues is a distinct advance in structure, 
since various cell functions can be performed better by a group of cells of 
the same kind acting together than by separate cells. Scattered epithelial 
cells would be a poor protection for the surface of an animal, and epithelial 
cells almost always occur close together in a sheet as epithelial tissue. 
Similarly, a single muscle cell does not have enough strength to produce 
much movement, while a bundle of muscle cells contracting together can 
lift a heavy weight. Because their cells act together in a more co-ordinated 
fashion than do the cells of sponges, the coelenterates may be said to have 
reached the tissue level of organization. 

T he hydra consists of two iayers of cells. The outer layer, or ectoderm 
(literally “outsicle skin”), is a protective epithelium, as in sponges; 
but it contains several other kinds of cells. The “inner skin,” or endoderm , 
lines the internal cavity and is primarily a digestive epithelium. The cells 
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of both layers differ from ordinary epithelial cells in that their bases are 
drawn out into long contractile muscle fibers. The muscle fibers of the 
ectoderm run lengthwise. When they contract equally on all sides, the body 
is shortened. When they contract more on one side than on the other, 
the body is bent in the direction of greatest contraction. The muscle 
fibers in the endoderm cells run circularly; and when they contract, the 
body becomes narrower and longer. There is no separate muscular tissue 
in the hydra; the muscle fibers occur only in the bases of epithelial cells, 
which also perform other functions. Since 
they cannot be strictly classed as either 
epithelial or muscular, we name these 
cells according to function and call those 
of the ectoderm the protective-muscular 
cells and those of the endoderm the nu- 
tritive-muscular cells. 

Between the two layers of cells is a thin 
layer of jellylike material produced by 
both ectoderm and endoderm. Among 
the bases of the epithelial cells of both 
layers, but particularly in the ectoderm, 
are small mesenchyme cells. The mes- 
enchyme cells of a hydra, as in sponges, 
are the least specialized cells and are ca- 
pable of developing into any of the kinds 
of cells already mentioned or into other kinds which will be described in con- 
nection with the hydra’s activities. 

In feeding, the hydra does not chase its prey, but remains attached to 
the substratum, with the almost motionless tentacles trailing in the water. 
When a small crustacean or worm brushes one of the tentacles in pass- 
ing, the unlucky victim is suddenly riddled with a shower of poisonous, 
numbing threads shot out from certain of the thread capsules, effective 
weapons with which the body, and particularly the tentacles, are heavily 
armed. There are four kinds of thread capsules, all produced within spe- 
cialized mesenchyme cells, known as ‘‘thread cells.” Each consists of a 
fluid-filled capsule containing a long spirally coiled, hollow thread. The 
largest and most conspicuous type (distinguished by' large barbs at the 
base of the thread) is called a stinging capsule and lies in a cell in the 
ectoderm, whicli has a fine protoplasmic extension, or trigger, projecting 



A hydra consists of two layers of cells. 

Lefty a hydra in longitudinal section; 
righiy in cross-section. Between the two 
layers is a jellylike material. 




A hydra, cut away to show structure. 
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Portion of body of a hydra enlarged to show ceil types. The contractile fibers in the endoderm run 
circularly and arc shown in section as small ovals. 




Small portion of a tentacle showing the prominent batteries of thread capsules. Two of the large 
stinging capsules are discharged. Circles containing a central dot are capsules in top view. (Modified 
after Pauly) 



A. B. C D. 


Thread capsules of the hydra. Boftom row^ undischarged; lop row^ discharged. At B, adhesive 
capsules, used to fasten the tentacles to solid objects when the hydra is looping. Probably, they also 
aid in capturing and holding prey. Ct volvent type, aids in holding prey by winding about bristles 
of prey. D, stinging capsule, pierces body of prey and injects a poison. (Aft# various sources) 
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from the surface. When the trigger is stimulated, a physiological change 
occurs, such that the pressure within the capsule is suddenly increased 
and the coiled hollow thread is 
turned inside out. This has been 
compared to the way in which one 
everts the finger of a rubber glove 
by blowing into the glove. The 
thread is discharged with such 
explosive force that it pierces the 
body of the prey and injects a 
poisonous substance contained in 
the capsule. After the poison from 
a number of these stinging cap- 
sules has paralyzed a small ani- 
mal, the tentacles are wrapped 
around the prey and contract, drawing the prey toward the mouth, which 
opens widely to receive it. The victim is swallowed by means of muscular 
contractions of the body wall, aided by a slimy secretion from gland cells 
lining the inside of the mouth region. 

The mechanism by which the hydrostatic pressure within the thread capsule is suddenly 
raised is not definitely known. The most prevalent theory assumes an increase in pressure 
due to a rapid intake of water, which causes a swelling of the capsule contents. Another 
theory attributes the increase in pressure to the force exerted by contractile fibers sur- 
rounding the capsule. 

A thread capsule (or nematocyst) can be discharged only once. Used ones are discarded 
and are replaced by new ones, produced in specialized mesenchyme cells. 

Digestion takes place in the interior cavity. Gland cells in the endo- 
derm secrete enzymes, chiefly of the protein- and fat-digesting types, which 
reduce the digestible parts of the prey to a thick suspension containing 
many small fragments. This material is then engulfed by the pseudo- 
podal activity of the nutritive-muscular cells. The process of digestion is 
completed within food vacuoles in these cells, for the hydra has retained, 
in part, the protozoan method of food ingestion and digestion. Since pre- 
liminary digestion takes place in the large digestive cavity, where enzymes 
poured out by many cells act together to disintegrate a food organism, a 
hydra can eat animals which are very large as compared with those that 
can be taken by a sponge. (In the sponge, as in protozoa, the prey must 
be of a size that can immediately be engulfed by a single cell.) 

The indigestible remnants left in the central cavity are eliminated 



Several thread capsules of the type which wmd about 
Bmall projections are seen clinging to the bristles of a 
small crustacean. (After Toppe) 
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through the mouth, which serves as both entrance and exit. The digested 
food is passed by diffusion from cell to cell. Currents, set up by muscular 
movements of the body and by the beating of long flagella on the endo- 
derm cells, circulate the food throughout the cavity of the body and of the 




Certain thread cells show contractile fibers surrounding 
the capsule. 1 , capsule undischarged. 2 , capsule dis- 
charged. (After Will and P. Schultz) 


hollow tentacles. The cavity thus has the 
double fimction of digestion and circu- 
lation. For this reason it is called the 


The thread of a stinging capsule has 
penetrated tlie hard chitinous covering 
of the prey and lies imbedded in the 
soft tissue (stippled). The clear area 
in the chitin represents the part that 
has been mechanically injuretl by the 
barbs and chemically dissolved by 
some substance from the capsule. 
(Modified after Toppe) 


gastrovascular cavity, which means “stomach-circulatory” cavity. 

Respiration and excretion take place by diffusion, as in protozoa, for 
the hydra is still a relatively small animal. Because of the thinness of the 
walls and the circulation in the gastrovascular cavity, most of the cells, 
inside and out, are freely exposed to the surrounding water. 

When well fed and healthy, hydras reproduce asexually by budding. 
The buds occur about one-third the length of the body up from the base. 
Here both layers hump up, forming a projection which elongates and soon 
ainrouts tentacles at its outer end. In two or three days the bud looks like 
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a little hydra, complete with stalk, tentacles, and mouth. At its base the 
gastrovascular cavity of the bud is continuous with that of the parent, and 
in this way it receives a supply of nourishment. Shortly after this, it con- 
stricts oflp from the parent and takes up the serious responsibilities of an 
independent life. 

Regeneration would seem to be an easy matter for an animal that al- 
ways has a reserve supply of unspecialized mesenchyme cells. And the ♦ 
hydra does, in fact, show a marked capacity for replacing tentacles or 
speedily repairing the more serious injuries likely to be incurred by so deli- 
cate an animal. Even if the hydra is cut into a number of pieces, most of 
the pieces will grow the missing parts and will become complete and inde- 
pendent hydras (see chap. 12). 

The ability of these animals to replace lost or injured parts won for them the name of 
“hydra.” An early naturalist saw in this habit a resemblance to the mythical monster. 
Hydra, which was finally slain by Hercules. Hydra had nine heads; and when Hercules 
cut one off, two grew in its place. 

Hydras reproduce sexually at certain times of the year, generally in the 
fall or winter. In some species both male and female sex cells occur in the 
same individual, which is then known as a hermaphrodite. In other spe- 
cies, the two sexes are always separate, and male and female individuals 
can be distinguished. The sex cells come from the mesenchyme cells in the 
ectoderm. In certain regions these cells suddenly start to grow rapidly, 
causing the body wall to bulge locally. Such bulges are known as testes 
when filled with sperm-forming cells and as ovaries when filled with egg- 
forming cells. In each testis the mesenchyme cells first enlarge and then 
divide a number of times to form many sperms. An ovary also contains 
many mesenchyme cells at the start; but several of these fuse, all the nfi- 
clei but one degenerate, and the result is a single, large ameboid egg. The 
ameboid egg finally incorporates the remaining yolk-filled mesenchyme 
cells and becomes the spherical ripe egg, packed with food reserves that 
Mull later nourish the developing embryo. 

Just how the formation of sex cells is initiated is not definitely known. That one of the 
factors may be low temperature is suggested by the fact that some species of hydras will 
produce testes and ovaries if kept in a refrigerator for two or three weeks. Sometimes 
abundant food appears to stimulate the development of sex organs. 

The ripe egg breaks through the covering ectoderm and projects with 
its outer surface freely exposed to the water. Spenns, discharged from a 
testis, swim through the water and surround the egg; one entws and effects 
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fertilization. If not fertilized within a short time after it is first exposed, 
the egg dies and disintegrates. 

Development begins, as in sponges and in nearly all other many-celled 
animals, with the division of the fertilized egg or zygote into two cells. 
These promptly divide, forming four cells. Continued division results in a 



Development of a hydra. A hydra frequently has several eggs developing at the same time. (Based 
on Tannreuther and other sources) 

one-cell-layered hollow ball known as the blastula. In the hydra the cells 
composing the single layer now divide, and some of the surface cells mi- 
grate inward so that cells accumulate in the interior cavity. In this two- 
layered stage, known as a gastrula, the outer layer of cells produces a 
heavy covering membrane or shell, and the gastrula usually drops from the 
parent and becomes fastened, by a sticky secretion, to the substratum. 
Under favorable circumstances the young hydra may hatch from the shell 
after a week or more. In winter the egg may lie dormant until the follow- 
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ing spring. When development is resumed, the outer layer, or ectoderm, 
becomes differentiated into a protective epithelium. The inner mass of 
cells, or endoderm, becomes hollowed out and differentiates as a digestive 
epithelium. Tentacles develop, a mouth breaks through, and the young 
hydra hatches out by rupture of the shell. 



The nerve net of the hydra lies beiieuth the ectDderm. It is more concentrated around the mouth 
than elsewhere. 

The behavior of the hydra is far more varied and complex than that of 
the xmco-ordinated sponge but perhaps not much more so than that of the 
complex protozoa which have a system of co-ordinating fibers. The many- 
celled hydra has a network of nerve cells extending through the entire ani- 
mal. This nerve net is slightly more concentrated around the mouth than 
elsewhere, but there is very little evidence of a specialized controlling 
group of nerve cells or brain which characterizes the nervous systems of 
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more complex animals. In the nerve net there are no definite pathways for 
the impulses. An impulse picked up at any place in the network can 
spread from one nerve cell to another in all directions. A very strong stim- 
ulus applied to the tip of one tentacle may cause the whole animal to con- 
tract. This is not a very efficient kind of nervous mechanism, and the im- 
pulses travel very much more slowly than in higher types ; but apparently 
it is adequate for the limited activities of the sedentary hydra. 

All the essent ials of a simple nervous mechanism in a many-celled animal 
are present in the hydra. Stimuli are received by sensory cells which are 
peculiarly sensitive to touch or to chemical substances in the water. These 
are slim, pointed cells, scattered among the cells of both layers, and lying 
with their pointed ends projecting to the outside if in the ectoderm, or into 
the digestive cavity if in the endoderm. From the sensory cells the im- 
pulses are picked up by nerve cells which lie at the bases of the ectoderm 
cells and connect with each other to form a network extending throughout 
the animal. They transmit the nervous impulses to muscle cells which 
contract or gland cells which secrete. 

Even nonliving things can respond to stimuli. If one pushes a rock, it 
may ^‘respond” by rolling over; but in doing so, it may roll down a hill 
and break as it strikes some other rock. The response of a hydra, or of any 
living organism, however, is usually adaptive, that is, the response results 
in a favorable adjustment of the animal to its environment. If a hydra is 
touched, the sensory cells receive the stimulus. The change started in 
them by the touch affects, in some way, the nerve cells of the network, 
and causes them to transmit a stimulus to the lengthwise muscle fibers.^ 
These contract, shortening the hydra and getting it out of the way of the 
“offending” object. 



A hydra catches .... 
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The nerve net not only transmits impulses but also co-ordinates the 
hydra’s activities. When a small animal touches one tentacle, the other 
tentacles will finally come to grasp the prey and will work together to 
cram it into the mouth. Meanwhile, impulses are going to the mouth, 
which opens in “anticipation’’ before the food has actually touched the 
sensory cells around its edge. The nerve net likewise co-ordinates the 
muscular contractions involved in swallowing food or in forcibly removing 
indigestible particles. Thus it enables an animal composed of many thou- 
sands of cells to react as one integrated individual. 

The importance of co-ordinated activity is emphasized by what happens when it fails. 
Sometimes the hydra swallows its food so rapidly that it takes in one or more of its own 
tentacles, and the hydra has even been observed to swallow its own base along with the 
prey. Fortunately, it does not digest its own cells; and after a time the swallowed parts 
emerge, apparently uninjured. 

The simplest method of locomotion in a hydra is a gliding on the base 
due to a creeping ameboid movement of the basal cells. The most rapid 
method is a kind of somersaulting. The animal bends over, attaches its 
tentacles to the bottom by means of the adhesive thread capsules, loosens 
its base, swings the base over the mouth, and attaches it to the bottom; 
then it loosens the tentacles and repeats. In species of hydras in which the 
tentacles are two to five times longer than the body, the animals can move 
by throwing out the extended tentacles and catching hold of some object, 
then loosening the base, and contracting the tentacles until the body is 
pulled up to the object — very much like an athlete “chinning” himself. 

Hydras react to a variety of stimuli, usually by a kind of trial-and- 
error procedure, but almost always with a result likely to lead to the con- 
tinued existence of the animal. A hydra will move away from a region of 



.... and eats a cyclops (microscopic crustacean) 
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very high temperature or will migrate from the bottom of a dish to the 
top if the oxygen supply becomes depleted or products of decay accumu- 
late. Many species react to light and tend to move toward the lighted 
side of their container, where there are usually more food organisms. 



A hydra somersaulting. This is its most rapid method of loc'omotion. 


The behavior changes with the physiological condition of the animal. 
A well-fed hydra usually remains attached, with the tentacles quietly ex- 
tended. At intervals the body and tentacles suddenly contract and then 
slowly extend in a new direction. Presumably, this increases the amount 
of territory controlled by the animal. If a food organism does not appear 
after some time, the tentacles begin to wave “restlessly,” and the body 
contracts and expands in a new direction more frequently. If food is still 
not forthcoming, the hydra may move off to new hunting-grounds. 

Even the food reaction varies greatly according to the state of the ani- 
mal. A very well-fed hydra will not react to food when it is presented. 
A very “hungry” hydra exhibits the behavior of the feeding reaction when 
only the chemical stimulus — some beef juice added to the water — is pres- 
ent. Also, while a light touch on the tentacles may cause the food-taking 
reaction, a stronger touch on the tentacles or the body, as well as shaking 
or jarring, causes contraction of the animal in varying degrees, depending 
upon the strength of the stimulus. Unless the hydra has been injured by 
the stimulus, the body and tentacles will soon again be extended slowly, 
and the “patient” life of trapping and digesting will be resumed. 


OBELIA 


T he nearest marine relatives of the hydras are the branching colonial 
coelenterates (known as hydroids) which are usually seen as delicate 
plantlike growths on kelps, rocks, and wharf pilings along the seacoasts. 
A)ne of the commonest of these is the obelia, colonies of which are about 






lyiira •atStig a worm, p«xt of wbich is already in the gastrovascular cavity and can be seen through the thin 
tody wall Besides these fresh-water aquatic relatives of the earthworm (cdigochetes), the hydra eats sma]! 
rustaoeans, very young and other small animals which come within reach of the long tentanles; the bumps 
n the tentacles are batteries of stinging capsules. (Photo of living animal by P, S. Tice) 





The worm safety tucked away in the gastrovascular cavity and undergoing digestion there, the h3rdm spreadi j 
its tentacles again and awaits a new victim. The long tentacles radia^g out from a central mouth, and oon^ 
trotting the surrounding territory in all directions, are admirably suited to the needs of an animal that spetidi 
moat of ita time in one plaee waiting for prey to af^^iroock. (I%otD of living animal hy T. S. Tice) 



lydra with young bud. The cavity of the bud is in direct oommunicatioo with that <jf itspaurent. and the food 
in be seen washing back and forth. The tower third of the body contains no food and serves chiefly as a staik 
hich is more sharply set off from the trunk region in some hydras. (Photo of living animal by P, S. Tice) 



le next day the bud is huger and has well-developed tentacles. Its behavior is relatively independent of that of 
e parent. Here the parent is contracted, while the bud is extended. (Photo of living animal by P. S. Tice) 






Sfimns hmnq disclMHV«d from a tostia. The ectotferm is rup- Thtoo tostos show in this cro«M 
tured, Ubetmting spenns which swim through the water to female tion. (Photo of stained preparati ' 
hydras bearing ripe eggs. (Phofbo of livsig animal by P. S. Tioe) courier Oen. Biol. Supply House) 


»male hydra with two eggs, one in the ovary and covered by the ectoderm, and one extruded. In this species 
je sexes are separate, hut some hydras are hermaphroditic. (Photo of living animal by P. S. Tice) 


immature egg lying 
ireen ectoderm and 
pderm is shown in 
jcross-section through 
imale hydra. As in 
jstained preparation 
Idle preceding page. 

I about one>ha]f of 
! complete section 
the animal is 
fn. (Hioto of stained 
jaiation, courtesy 
era! Biological Sup- 
Bouse) 
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an inch to several inches in height. The colony arises by budding from a 
single hydra-like individual. The buds fail to Separate; and after repeated 
budding, there results a treelike growth, permanent- 
ly fastened to some object and consisting of numer- 
ous members united by stems. Because the activities 
of the members are subordinate to the colony as a 
whole, they are sometimes called subindividuals. 

More often a member of a colony is referred to as a 
polyp, a name applied to any tubular coelenterate 
which bears a whorl of tentacles around the free 
end of the body and is attached at the other end. Obelia, natural size. 
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The hydra is also called a “polyp,” a name which means “many feet.” Polyps use their 
“many feet,” or tentacles, chiefly for feeding and only occasionally for moving Shout. 
Hence, the name is not particularly appropriate but comes to coelenterates by an indirect 
route. It was derived from poulpe, the French word for octopus, because an early French 
naturalist thought that coelenterate tentacles resembled the “feet” of an octopus. 


Polyps and stems are protected and held erect by a horny covering, 
secreted by the ectoderm, which incloses all the stems and extends around 
each polyp as a transparent cup, shaped like a go^et. When irritated, the 
polyp can withdraw into this cup; and the rapid contraction and slow ex- 
pansion of the polyps are about the only movements that can be seen inan 
obelia colony. The stems are unable to move because of the rigidity of the 
covering; but at certain points the covering is arranged in rings, which al- 
low for flexibility as the stems are swayed by water currents. 

An obelia polyp is built on the same plan as a hydra, and consists of the 
same two cell layers, endoderm and ectoderm. These are composed of 
cell types similar to those of the hydra. 

The obelia feeds in the same way as the hydra, capturing small prey by 
means of tentacles armed with stinging capsules. The tentacles are not 
hollow, as in the hydra, but are solid, having a central core of large endo- 
dermal cells. The polyps and stems are hollow, and the ga stro vascuiar 
cavity of every polyp is continuous with that of every other polyp in the 
colony. The food is partly digested in the cavity of the polyp, and the re- 
sulting fluid is circulated about through the stems by the beating of the 
flagella of the digestive epithelium and by the muscular contractions of the 
polyps. Thus, food is distributed throughout the colony in thoroughly co- 
operative fashion, and digestion is completed in food vacuoles within the 
cdls lining the gastrovascuiar cavity. 
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Asexual reproduction by budding is the usual method of increasing the 
number of polyps. In addition to the continuous budding on any vertical 
axis, rootlike horizontal stems from the base grow over the substratum and 
give rise to a series of upright colonies, so that the entire colony may, after 
a time, consist of hundreds of subindividuals. 

Sexual reproduction does not occur in the polyp colony. We could 
search in vain throughout the year for any signs of testes or ovaries, for 
the obelia polyps, unlike hydras, never have any sex cells. 

If we examine older obelia colonies carefully, we see that the polyps are 
not all alike. Those we have already described have tentacles with which 
they catch prey, and may be called the feeding polyps. In some of the 
angles where the feeding polyps branch from a stem, there occur repro- 
ductive polyps. These have lost their tentacles and the capacity to feed, 
and are nourished through the activities of the feeding members of the 
colony. They are specialized for asexual reproduction of a special type. 
Each is inclosed by a transparent homy vase-shaped covering and consists 
of a stalk on which are borne little saucer-like buds, the largest and most 
completely developed near the top, the smallest and least developed near 
the base. If live obelia colonies are kept in a dish of sea water, it is easy 
to observe that the top-most “saucer” escapes through an opening at the 
upper end of the vase-shaped covering and swims about as a tiny animal 
called a medusa, a name applied to any free-swimming “jellyfish” type 
of coelenterate. (The name is derived from a fancied resemblance of the 
waving tentacles of jellyfishes to the snaky tresses of the Gorgon Medusa.) 

The medusa of the obelia looks like a tiny bell-shaped piece of 
clear jelly. From the middle of the under surface, where one expects to 
find the clapper of a bell, hangs a tube which bears, at its free end, the 
mouth. The mouth leads up this hollow tube into the gastrovascular 
cavity, which branches out into canals that carry food to all parts of the 
medusa. From the margin of the bell hangs a circlet of tentacles, well 
armed with stinging capsules. The tiny animal swims by alternately 
contracting and relaxing the muscle cells of the bell. As it swims or drifts 
with the current, the trailing tentacles catch small organisms. 

The primary function of the medusa is sexual reproduction. From 
the under side of the bell hang four sex organs. In female medusas they 
are the ovaries and produce eggs; in male medusas they are testes and pro- 
duce sperms. Eggs and sperms are shed into the sea water, where fertili- 
zation takes place. The zygote develops into a hollow blastula and then 
into a two-layered gastrula, with ectoderm and endoderm. The outer 



feeding polyp 



Obelia, portion of a colony, and modiisa. One feeding polyp and one reproductive polyp have 
been drawn in section, showing the two layers of cells characteristic of coelenterates. 
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cells bear cilia, whose beating propels the little animal through the water. 
While the developing hydra was called an “embryo’’ because it developed 
first attached to the parent and later within a shell, a free-swimming young 
stage, like that of the obelia, is called a larva. The larva swims about for 
a time, finally settles on a rock or on a piece of kelp, becomes fastened at 
one end, develops tentacles and a mouth at the other end, and grows into 
a polyp which, by asexual budding, produces a new colony of sessile 


Obelia, life-cycle. 

polyps. The larva and the free-swimming medusa both serve as a means of 
spreading the obelia to new localities. * 

Although a medusa seems very different from a polyp in general appear- 
ance, the two forms are really similar in construction. Both are composed 
of ectoderm and endoderm, and both consist of similar types of cells. In 
the medusa, ectoderm covers the entire surface of the bell and the tenta- 
cles, while the endoderm lines the various parts of the gastrovascular cav- 
ity. The chief difference from the polyp is the great thickness of the jelly 
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between the two layers of cells. In the absence of supporting structures 
like the spicules of sponges or the connective tissue of higher animals, the 
jelly gives a firm consistency to the otherwise fragile body and adds to its 
];)uoyancy. Correlated with its greater locomotor activity, the medusa has 
a much more highly developed nerve net with a marginal ring of nerve 
cells acting as a controlling center. There are also more specialized sensory 
cells. The polyp and medusa may be regarded as having adapted the 
same general pattern to two different ways of life — attached and free- 
swimming. 

The occurrence of coelenterates in two forms, the medusa and the 
polyp, is a phenomenon termed polymorphism (meaning “many forms”). 
Polymorphism is not unique among coelenterates, for many other groups. 



polyp medusa 

The polyp aud medusa are constructed on the same general plan. 


notably the social bees and ants, show structural differentiation of indi^ 
viduals which fits them for different roles in the life of the species. The 
ordinary polyps of the obelia colony capture and digest food and are cap- 
able only of asexual reproduction; they have been called feeding polyps. 
The stalks which bud off medusas are specialized reproductive polyps. 
The medusa is the sexually mature stage of the obelia and also serves to 
spread the species. Therefore, the obelia may be said to consist of three 
kinds of individuals; feeding polyps y the (asexual) reproductive polyps y 

and the (sexual) reproductive medusas y each with its own functions. The 
work that in most other animals is done by every individual of the species 
is performed in these coelenterates by different kinds of individuals. In 
some colonial coelenterates, still other kinds of individuals are found, such 
as protective polyps which do not feed or reproduce but are heavily armed 
with stinging capsules. 
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T he life-history of coelenterates may be interpreted as follows: The 
ancestral coelenterate was a medusa-like form which produced other 
medusas directly from eggs and sperms, by way of a larval stage resem- 
bling a polyp. Eventually this larval polyp-like stage became more and 
more important in the life-history and took on an independent existence. 
At first the polyps were incapable of sexual reproduction and would grow 
up into medusas which produced eggs and sperms. But some coelenterate 
polyps eventually developed the capacity for forming sex cells and 
dropped out the medusa stage altogether, as has happened in hydras. 

The alternation of a polyp and a medusa stage has been called “alternation of genera- 
tions'* or “metagenesis.’* However, it seems better not to make a distinct principle of this 
phenomenon. The polyp colony is simply a juvenile stage, the medusa the fully adult form, 
just as a caterpillar is a juvenile form capable of carrying on all activities except sexual 
reproduction, and the butterfly is the adult sexual form. If the caterpillar could develop 
mature sex organs, the butterfly stage could be dropped out of the life-history. Such a 
process of sexual maturity of juvenile forms is actually known to occur in cpiite a variety 
of animals besides the coelenterates, even in animals quite high up in the scale of life, such 
as salamanders. 

T he coelenterates have only two layers of cells, the ectoderm and the 
endoderm. However, they show several advances in structure over 
the sponges because they have a network of nerve cells for co-ordinating cell 
activities and because they are organized on the tissue level of construc- 
tion. Their most characteristic structures are the thread capsules, which 
are produced in no other phylum of animals. The variations among coel- 
enterates result chiefly from a shifting emphasis in the evolution of the 
several groups — first upon the medusa stage, and then upon the polyp 
stage of the life-cycle. Some, like the obelia, have polyp and medusa al- 
most equally developed; in others the medusa stage is more or less degen- 
erate or wholly suppressed, as is believed to be the case with the hydra; 
and in others, large and well-developed medusas predominate while the 
fixed polyp stage is greatly reduced or has disappeared. Some of these 
variations are described in the next chapter. 



CHAPTER 8 



POLYPS AND MEDUSAS 

T hose who have never seen the ocean can hardly be impressed 
with the coelenterates as a phylum. They have seen only the 
diminutive hydra and probably not at all the relatively rare fresh- 
water medusas. When one first walks down to a rocky ocean shore and 
looks in the shallow pools left by the outgoing tide, he is amazed at the dis- 
play of anemones“huge, brightly colored polyps that look more like 
flowers than like animals; from the algae and from rock surfaces hang 
delicate fringes of white, pink, or violet hy droids, like the obelia; in the 
open water just off shore large jellyfish drift by. But it is in warm shallow 
seas that the coelenterates really come into their own. There, towering 
growths of colonial polyps and massive banks of reef -building corals occupy 
almost every available square foot of the bottom, replacing the plants and 
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dominating the lives of the other invertebrates and even of the fishes, as 
the trees in a forest dominate the other plants and the animals. 



Qonionemus, with uboiit a third of the bell removeil to show internal structures. 


Coelenterates occur in two forms: polyps and medusas. The obelia, de- 
scribed in the last chapter, shows both forms but is more conspicuous in 
the polyp phase. Yet it was suggested that the primitive coelenterate was 

probably a kind of medusa and that the 
polyp was at first only a young transitory 
stage in the development of the medusa. 
Now we come to Qonionemtis, a jellyfish 
that is thought to be close to the ancestral 
coelenterate. It has a well-developed me- 
dusa and a simple inconspicuous polyp. 

The gelatinous bowl-shaped bell of 
Gonionemus has a convex outer surface 
and a concave under surface. From the 
center of the concave surface hangs a 
tube, the manubrium, with the mouth at 
Qonionemus, natural size. its tip. The Other end of the manubrium 
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leads into four radial canals that tra- 
verse the jelly to the margin of the bell. 

There they join a circular canal which 
runs around the margin and connects 
with the cavities of the hollow tenta- 
cles. This continuous cavity through 
manubrium, radial canals, circular ca- 
nal, and tentacles is the gastrovascu- 
lar cavity; it distributes partly digest- 
ed food to all regions of the body. 

The medusa swims slowly by rhyth- 
mic pulsations of the bell. Under the 
ectoderm are specialized muscle fibers 
which do not have a protective func- 
tion and serve only for contraction. 

The muscular part of each individual 
muscle cell is very much elongated; 
and the epithelial part, which in hydra 
was so prominent, is inconspicuous 
here. From the margin of the bell, a 
muscular shelf, the velum, projects 
inward. The velum contracts strong- 
ly; and this, together with the contraction of muscle fibers in the bell, 
forces water out from the concavity of the bell and drives the animal in 
the direction opposite to that in which the water is expelled. 

Gonionemus feeds while actively swimming about or by a kind of “fish- 
ing” technique. The medusa swims upward, turns over on reaching the 
surface of the water, and then floats slowly downward with the bell in- 
verted and the tentacles extended horizontally in a wide snare, from which 
passing worms, shrimps, or small fish seldom escape. When at rest, the 
medusa attaches to the bottom or to vegetation by the adhesive pads 
near the tips of the tentacles. 

The free-swimming habit of Gonionemus requires greater activity and 
a more elaborate nervous mechanism than that of sedentary polyps like 
the hydra and the obelia. The nerve network which runs beneath the 
ectoderm of the bell surface is concentrated around the margin of the bell 
into a nerve ring, which controls and co-ordinates the animaFs behavior. 
Specialized sense organs occur around the bell margin, imbedded in the 
jelly between the bases of the tentacles. Each sense organ is a small sac 



hesive pad and batteries of stinging capsules. 
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containing a hard mass. As the medusa swims about, the movements of 
the mass within the sac probably act as stimuli which control and direct 
the swimming movements. In addition, the prominent swellings at the 
bases of the tentacles are abundantly supplied with sensory cells. These 
tentacular swellings are hollow and communicate with the ring canal. 
They are lined with pigment, which may be related to a special light- 
receptive function, although the whole epithelium of the lower surface is 
generally sensitive to light. These swellings probably serve chiefly as a 
site for the formation of stinging capsules, which from there migrate out 
along the tentacles and take their places in the stinging batteries. 

The ovaries or testes occur 
on separate female or male in- 
dividuals and appear as folded 
ribbons which hang from be- 
neath the four radial canals. 
The eggs or sperms break 
through the surface ectoderm 
and are shed directly into the 
water, where fertilization oc- 
curs. The zygote divides many 
times to form a ciliated larva, 
called a planula, a name ap- 
plied to any ciliated coelente- 
rate larva. The planula has an 
outer layer of ectoderm and 
an inner mass of endoderm, and thus corresponds to the gastrula stage in 
development. It swims about for a time, then finally settles down, loses its 
cilia, and develops an internal cavity, A mouth breaks through at the 
unattached end, tentacles push out around the mouth, and the young 
Gonionemus soon resembles a minute, squat hydra. The polyp feeds and 
buds off little larvas, which also become feeding polyps. Finally, the 
polyps produce medusa buds which detach and grow directly into adult 
medusas. 

The life-history of Gonionemus resembles that of the obelia, with the 
emphasis shifted to the medusa. Many jellyfish closely related to Gonio- 
nemus have no attached polyp at all. One of these, Idriopey has a larva that 
sprouts its tentacles before the bell develops, and it looks like a free-swim- 
ming polyp. If this larva were to settle down and become attached, it 
would resemble the minute polyp stage of Gonionemus. In some coelen- 



Polyp of Gonionemus with medusa bud, very greatly 
/r enlarged. (Based on Joseph) 
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terates this juvenile, fixed polyp stage has been 
elaborated into a relatively large and flourish- 
ing colony, while the medusa is very small, as in 
the obelia. In other hydroids the medusa stage 
has been reduced still further. The medusa buds 
of Tlydractinia, for example, begin to develop 
in the usual way but never have any medusa- 
like features, and fail to detach from the col- 
ony. They are degenerate sad ike structures 
that shed eggs and sperms into the water. The 
final step in this direction is the complete elim- 
ination of the medusa — a condition illustrated 
by the hydra. 

In the obelia we saw division of labor not only 
in the life-history but also in the composition of 
the polyp colony. Hydractinia carries this poly- 
morphism a step farther. The colony has/eerf- 



Liriope, a medusa that develops 
directly from a zygote without a 
fixetl i)olyp stage. (After Mayor) 



Hydractinia, a polyp colony that shows polymorphism and degenerate medusa buds. (Modified 
after Allman) 
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ing polyps y with mouths and long tentacles; reproductive polyps y which have 
degenerate tentacles but bear the saclike medusa buds; and protective 
polypsy which have short knoblike tentacles and cannot feed but are richly 
supplied with stinging capsules that serve to protect the colony or to aid 
in paralyzing prey. 

It is among the siphonophores, however, that we find the extremes to 
which colonial organization can be carried. 'I'hese complex floating col- 
onies have not only more than one kind of polyp but also more than one 
kind of medusa. In addition to the sexual medusas (either free or at- 
tached) they may have numerous modified medusas, called “swimming- 
bells,” which cannot feed or reproduce but serve only to propel the colony. 
There are also leaflike types that hang as protective flaps over the other 
members, and a gas-containing float which is thought to be a single trans- 
formed medusa that has lost the power to swim. Physaliay often called the 
“Portuguese man-of-war,” has no swimming-bells and is driven about by 
the action of the wind on its crested float. From the under side of the 
float there hang down into the water several kinds of specialized polyps, 
clusters of attached medusas, and tangles of long tentacles that may reach 
a length of 60 feet and are armed with especially large stinging capsules 
that can readily paralyze a large fish. The vivid blue float is a familiar 
and a very beautiful sight on the surface of warm seas all over the world — 
but it is not a very welcome one to swimmers, who know that the trailing 
tentacles can inflict serious and sometimes fatal injury on man. 

Velella (“little sail”) is also common in warm seas, and whole “fleets” 
of them may be driven into a bay by a strong wind. The colony looks 
like a single flat oval medusa with an erect sail-like projection from the 
upper surface. Around the margin is a single row of stinging protective 
polyps. The under surface is covered by numerous reproductive polyps 
which bud off free-swimming medusas; in the very center hangs a single, 
large feeding polyp. 

In many animal groups there are marked differences between male and female indi- 
viduals, and in termite colonies between individuals specialized for feeding, reproduction, 
and defense. These are all separate organisms — discrete physiological units. In the siphono- 
phores it is frequently difficult to tell where one polyp ends and the next begins; and they are 
all closely knit into one complex organism, almost like the various organs in the body of man. 

T he phylum CoELENTERATA is divided into three classes. All of the 
animals mentioned thus far belong to the class Hydrozoa (“hydra-like 
animals”). Most hydrozoans are polyp colonies that give rise to free 
medusas (Obelia) or to degenerate attached medusas (Hydractinia). But 
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there are exceptions, like the hydra and Gonionemus, Further, both 
polyps and medusas are small, delicate, and much simpler in structure 
than the members of the other two classes. 



Velella, a floating colony that shows polymorphism, llie fronhi>ortion has been cut away to reveal the 
continuous gastrox ascular cavity which connects tJie several kinds of specia]ize<l polyps. The rounded 
projections on the reproductive poly])s are medusa buds. (Modified after Delage and Herouard) 


T he second class of coelenterates, the Scyphozoa (“cup animals”), in- 
cludes the larger jellyfish. All are marine medusas and can be roxighly 
distinguished from the hydrozoan jellyfish by their large size and by the 
absence of a velum. Moreover, the polyp stage either is lacking altogether 
or is very small. 

Aurelia is one of the commonest of the scyphozoan jellyfish and occurs 
all over the world. From ocean liners one often sees large shoals of them 
drifting along together or swimming slowly by rhythmic contractions of 
the shallow, almost saucer-shaped bell. Tliey range in size from less than 
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3 inches to about inches across the bell. Exceptional individuals may 
reach a diameter of 2 feet. 

At the end of a very short manubrium is a square mouth, the corners of 
which are drawn out into four trailing mouth lobes. Each lobe has a cili- 
ated groove. Stinging capsules in the lobes paralyze and entangle small 


free-swimming medusa — sexual stage 



Aurelia, life-cycle. (I3a«ed on various sources) 


animals, which are then swept up the grooves, through the mouth, into a 
spacious cavity in the center of the bell, and from there through branched 
radial canals to the margin of the bell. Flagella lining the entire gastro- 
vascular cavity maintain a steady current of water, which brings a con- 
stant supply of food and oxygen to, and removes wastes from, the internal 
parts of this large animal. 

The central cavity extends into four pouches, in which there are tentacle-like projec- 
tions of the endoderm. called gastric f llamsnts. These are covered with stinging capsules 
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which paralyze prey that arrives in the pouches still alive and struggling. The presence of 
these filaments is one of the characters that distinguishes a scyphozoan from a hydrozoan 
medusa. 

The margin of the bell bears a fringe of short and very numerous tenta- 
cles, set closely together except where they are interrupted by eight equal- 
ly spaced notches. In each notch lies a sense organ, consisting of a pig- 
mented eyespot, sensitive to light; a hollow sac, containing hard particles 
whose movements set up stimuli that direct the swimming movements; 
and two pits, lined with cells that are thought to be sensitive to food or to 
other chemicals in the water. 

The four horseshoe-shaped colored bodies by which Aurelia is usually 
recognized are the testes or ovaries, which occur (in separate individuals) 
on the floor of the large central part of the gastrovascular cavity. In a 
male medusa the sperms are discharged into the cavity and are shed to the 
outside through the mouth. In the female the eggs are shed into the 
cavity and are fertilized there by sperms which enter with the food cur- 
rent. The fertilized eggs go out of the mouth and lodge in the folds of the 
mouth lobes, where they continue to develop. The ciliated larva escapes 
and eventually settles down on a rock or on seaweed. There it grows into 
a small polyp with long tentacles. The polyp feeds and stores food, and 
may survive in this stage for many months, meanwhile budding off other 
small polyps like itself. At certain seasons, usually fall and winter, it de- 
velops a series of horizontal constrictions which gradually deepen until 
the polyp resembles a pile of saucers. One by one the '^‘saucers” pinch off 
from the parent, turn over, and swim away as little eight-lobed medusas, 
which gradually develop into adult aurelias. 

This type of development in which the fixed polyp stage (liydratuba) becomes an elon- 
gated and deeply constricted polyp (scyphistoina), which successively splits off young 
eight-lobed medusas (ephyras), is characteristic of Scyphozoa and does not occur in the 
Hydrozoa. 

The stinging capsules of Aurelia do not readily penetrate the human 
skin; but even a small Cyanea can raise huge weals on the arms or legs, 
and the monster orange and blue cyaneas of the North Atlantic are a real 
danger to swimmers. The largest one on record had a disk 12 feet in diam- 
eter and trailing tentacles over 100 feet long. Such huge masses of jelly 
are among the largest of the animals without backbones. Their long 
tentacles are probably responsible for some of the “sea-serpent’’ stories. 
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T he third class of coeleiiterates, the class Anthozoa (‘‘flower-ani- 
mals’') » consists of marine polyps which have no medusa stage. An- 
thozoa are technically distinguished from hydrozoan polyps by the fact that 
the gastrovascular cavity is divided up by a series of vertical partitions, 
and the surface ectoderm turns in at the mouth to line the gullet. But 
superficially there is no difficulty in telling the large fleshy sea anemones 



Sea anemone cut away to show large gastrovascular cavity and tlie many partitions. I'lie free edges 
of the partitions are thickened and bear gland cells. 

or the limestone-secreting corals from most of the small fragile hydrozoan 
polyps. 

The sea anemone has a stout muscular body, expanded at its upper end 
into a disk having a central mouth siurounded by several circlets of hollow 
tentacles. The basal end forms a smooth, muscular, slimy basal disk on 
which the anemone can slide about very slowly and by which it holds to 
rocks so tenaciously that one is likely to tear the animal in trying to pry 
it loose. 
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From the mouth a muscular gullet hangs down into the gastrovascular 
cavity and is connected with the body wall by a series of vertical parti- 
tions. Between these primary partitions is a secondary set of incomplete 
ones, which extend only part way from the body wall to the gullet; and 
between these are still less-complete tertiary and sometimes quarternary 
sets. The chambers between the primary partitions are in open communi- 
cation with each other below the gullet; but above the point at which they 
attach to the gullet, they communicate only through one or more holes in 
the wall of each partition (these are shown but not labeled in the diagram 
of the anemone). 

The partitions are double sheets of endoderm supported by a central 
layer of jelly, and they serve to increase the digestive surface of the cavity, 
making it possible for an anemone to digest a relatively large animal, like 
a fish or a crab. The free edges of the partitions are expanded into con- 
voluted thickenings or digestive filaments which bear the gland cells that 
secrete digestive juices. Digestion is completed, as in the hydra, by pseu- 
dopodal endoderm cells lining the gastrovascular cavity. 

The gullet is not cylindrical but is flattened, and at one or both ends of 
its long diameter is a longitudinal groove lined with cilia that are much 
longer than the ones lining the rest of the gullet. The cilia in these gullet- 
grooves beat downward, drawing a current of water into the gastrovascu- 
lar cavity and providing the internal parts of the anemone with a steady 
supply of oxygen. At the same time, the cilia lining the gullet proper beat 
upward, creating an outgoing current of water that takes with it carbon 
dioxide and other wastes. When small animals touch the tentacles, the 
cilia of the gullet proper reverse their beat, and the food is swept down the 
gullet and into the digestive cavity. 

Anemones are among the most highly specialized of the polyp types of 
coelenterates. They have a well-developed nerve net, mesenchyme cells 
between ectoderm and endoderm, and several sets of specialized muscles. 
A layer of circular muscles serves to narrow, and therefore to extend, the 
body. The longitudinal muscles are concentrated into prominent bands 
which run, one on each partition, from mouth to basal disk. Their con- 
traction pulls the mouth disk, with its tentacles, completely inside. A 
strong circular muscle just below the mouth disk then closes over the 
opening, much as a pouch is drawn closed by a string. In the contracted 
condition anemones resist drying or mechanical injury during low tide. 

Anemones sometimes reproduce asexually by pulling apart into two 
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halves. In certain species, owing either to injury or simply to poor co- 
ordination, pieces of the body are left behind as the animals slide about. 
These fragments regenerate into tiny anemones. In sexual reproduction 
the eggs or sperms form on the partitions of the gastrovascular cavity and 

are ejected through the mouth. 
The fertilized egg develops into 
a planula, which finally settles 
down in some rocky crevice and 
grows into a single anemone. 


T he stony corals are like 
small anemones but are usu- 
ally colonial and secrete pro- 
tective limestone cups into 
which the small delicate polyps 
can retract. From the wall of 
the cup a series of radially ar- 
ranged vertical plates project 
inward and alternate with the 
digestive partitions. The stony 
cup and its plates are, of course, 



limestone cup 

Stony coral polyp. The animal has been cut away to 
show the gastrovascular cavity and, beneath the polyp, 
the beginning of the formation of the stony cup. (After 
Pfurtscheller) 

outside the polyp and merely in contact 
with the ectoderm which secretes them. 

Many kinds of small solitary cup 
corals grow in the temperate waters 
along our coasts. Colonies of five to 
thirty individuals of Astrangia incrust 
shells and rocks as far north as Cape 
Cod. And even the cold, deep waters 
of the Norwegian fjords support great 
banks of a colonial branching coral, 
Lophohelia. But the reef-building cor- 
als grow only in tropical or subtropical 
never falls below 70® F. 



A colony of Astrangia from the Cape Cod 
region. 

waters, where the temperature 


Three main types of coral reefs are recognized. Fringing reefs grow in shallow water and 
border the coasts closely or are separated from them at the most by a narrow stretch of 
water that can be waded across when the tide is out. Barrier reefs also parallel coasts but 
are separated from them by a channel deep enough to accommodate large ships. Captain 
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Cook sailed within the Great Barrier Reef of Australia for over 600 miles without even 
suspecting its presence until the channel narrowed and he was wrecked on the reefs. Atolls 
are ring-shaped coral islands inclosing central lagoons, and thousands of them dot the 


South Pacific. Atolls are hundreds or thou- 
sands of miles from the nearest land, and 
their steep outer sides slope off into the 
depths hf the ocean. 

Darwin noticed that all the known coral 
reefs were in regions where a sinking of the 
land was known to have taken place or 
where there were evidences that it prob- 
ably occurred. He reasoned that, if an 
island, surrounded by a fringing reef, were 
to subside very slowly, so slowly that the 
reef could grow upward at about the same 
rate, the island would grow smaller and 
smaller, and the fringing reef would be- 
come separated from it by a wide, deep 
channel, finally becoming converted into 
a barrier reef. If this process were to con- 
tinue, the island would finally disappear 
entirely beneath the surface of the water, 
and the rising barrier reef would become a 
ring-shaped island, or atoll. This theory is 
still the most widely accepted one, though 
there are others almost as well in accord 
with known facts. In some cases an atoll 
may have been formed directly, without 
going through a fringing reef and a barrier 
stage, upon a submarine platform built 
up close to the surface by volcanic activity. 



Coral reefs. Top^ a fringing reef growing around 
an oceanic island. Middle, a small barrier reef wide- 
ly separated from the island. Bottom, an atoll. 
(Based on various sources) 


T he sea anemones and corals are anthozoans in which the tentacles 
and internal partitions are numerous and usually arranged in multi- 
ples of six. There is another large group of anthozoans in which the polyps 
always have eight branched tentacles and eight internal partitions. Al- 
most all members of this group are colonial, and the body cavities of the 
polyps are in communication with each other through endodermal canals 
which penetrate the whole colony. The polyps are remarkably similar, 
but the skeletons produced by the various colonies are strikingly diverse. 
The skeletons are made of minute particles, either of a homy substance 
or of limestone, which lie loosely in the soft tissues or grow together to 
form a hard, compact support, or do both in the same colony. Since any 
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coelenterate which secretes a compact skeleton of limestone is called a 
“coral,” there are a number of well-known corals in this group. 

The polyps of the organ-pipe coral live in separate vertical limestone 
tubes which are joined at intervals by horizontal platforms in which run 

the endodermal canals. The 
well-known precious* coral 
has a firm outer tissue, stif- 
fened by numerous scattered 
limestone particles, and con- 
taining openings into which 
the delicate polyps can be re- 
tracted. In the center of the 
colony the particles are fused 
into a solid, hard axial core 
of red limestone, which is sold 
as “precious coral.” 

The gorgonians (sea fans, 
-sea plumes, and sea whips) 
are branching, treelike colo- 
nies built on a plan similar 
to that of the precious coral. 
Their central supporting axis 
Organ-pipe coral. The limestone tubes are red, but the jg made of a flexible homy 
polyps are a bright gr^n. In some pl^es this coral is one material, SO that they SWay 
of the important reef-builders. (Modineti after Haeckel) . „ • i i 

gracefully with the currents 
and form the most conspicuous and attractive feature of the coral reefs 
of Florida and Bermuda. 

In the warm, clear waters off Bermuda it is easy to descend 15 or 20 
feet in a simple diving helmet and walk about on the white coral sand 
among tall purple gorgonians that tower overhead and low “bushy” ones 
that spring from all sides like blossoming shrubbery. Among them are 
massive dome-shaped heads of greenish-yellow “brain corals,” huge pink 
or orange anemones spreading their flower disks, and many other kinds of 
colorful invertebrates and fishes taking refuge in this coelenterate jungle. 




Hydroids live in shallow water atUcherl to nxiks, shells of animals, or, like the one shown here (enlarged abov 
1wie<‘ natural size), to a bit of sargassum wet‘d. found floating in mid-ooean a few miles from Bermuda. 



The ostrich-plume hydroid {Aglaophenia) is com Hydroid polyps with extended tentacles (big 
mcwttly found on beaches, where it is cast up along witli ly magnified) give small animals little chance 
seaweeds. About natural siae. (Pacific Grove, C^lif.) escaping. (Photo of living colony. Bermuda) 



Polyorchis, a hydro7X)an jellyfish common in bays along the West Coast. The mouth is at the end of the Ion 
trumpet-shaped stalk. The stringlike stnictiires around the mouth stalk are lestc's or ovaries. At the base ( 
each tentacle is a sense organ. (Photo of living animals, about natural size. Monterrey Bay, California) 


Fresh-water 
jellyfish from 
a lake in Ohio. 
I t has the habit 
of swimming to 
the surface of 
the water 
(above) and 
then coasting 
down (below) 
with tentacles 
outspread and 
forming a trap. 
(Photos of 
living animal 
about natural 
size from a mo- 
tion picture; 
courtesy J. A. 
MiUer) 





Obelia jellyfish 

is only about l/!^5 
inch in diameter. 
This one was set 
free when a bit of an 
obelia (colony wa.s 
placed in a drop of 
sea water on a 
slide. The niim- 
l>er of teiitach?s 
increases as it 
grows. Above, bell 
expanded ; below, 
bell contracted. 
( Photos of living 
animal. Pacific 
(irove, California) 




PHysalia, often called the “Portuguese maD~of->wmr/’ is a ccdonial coelenterate wh idb moves about by the actkna 
of the wind on its gas~fiUed float. This one has just captured a fish, and has paralyzed it with stinging capsules 
shot out from specialized stinging polyps, (Photo coiirtesy New York ZodlogicaJ Society) 



A jellyfish swims by alternately relaxing and contracting the bell. In ibis photograph the bell is 
oontjacted, forcibly expelling the water from its concavity and so pushing the animal in the direction opjKisite 
to that in which the water is expeUtnl. (>n the page oppositcN the bell is ndaxed to admit water again. 





<' V/ri/AO/>rii ht/siH‘eUa, usiiaily called th<‘ ‘’compass jellyfish*' la'caiise of the marks ou the upfK^r surface of the disk, 
'K'curs ju gmtl ouinhers, li>vvar<i the end f>f the Slimmer, along the Atlaotw (smst of Eim>j>c. Related speck^s 
'<tro iound or* our (oasl^ ' Photos of living animal hy K, Schensky. Heligoland 



Stages in lifn-liiatory of a acypliozcmn fetlyfish. This ciliated planula, left, may be from almost any species 
of marine coeknterate. (Photo of living animal Pacific Grove, Calif.) Second from left, scyphistoma showing 
•horiaxHital oonstrictkms. Second from rif^hi, later stage showing young Jellyfishes about to split off. RipU, young 
< jellyfish as seen from above. It has eight marginal lobes containing sense organs and a centrally located^ four* 
lobed mouth. (Last three, photos of stained specimens by A. Galigher) 




Jellyfishes are often washed up on the beach in great numbers during a storm. A large jellyfish is surprisingly 
stiff: one can jump on such an animal without crushing it. (iPhoto by W. K. Fisher, Pacific Grove, Calif.) 



A bit of jelly from a jeUyfiah, Aurelia^ looks like this when highly magnified under the microsoope. The dots 
are ameboid cells. The streaks are fibers which strengthen the jelly. The jelly consists of approaimafcely : 95 per 
cent water, 4 per cent salts, and <^ly 1 per cent organic matter. (Photomicrograph of living jelly. Bermuda) 









Sea anemonas, so called from their resemblance to flowers, are among the moat familiar coelenterates because 
they are easily seen in tkle pools on rocky shores. The one on the right has just captured a small fish, which 
is held by thread capsules on the tentacles. (Photo of living animals by F. Schensky, Heligoland) 



Saa anemones fill every crevice in the tide pools. Anemone dividing {Metridium). After a time the con- 
Animals .like these have been observed to occupy strictkifn will extend to the base, and the two anemones, 
the same spot for over thirty years. (Photo of living asexually produced, wiH then separate. (Photo of liv- 
animals by W. K. Fisher, Pacific Grove, Calif.) ing animal by D. P. Wilson, Plymouth, England) 





Metridium bas extremely numerous delicate tentacles with which it catches minute organisms instead of 
larger animals like fish, on which other anemones, like the one on the lower right, feed. A large Metnditm, may 
attain a height of more than 8 inches. The animal does not remain always in one spot but can glide on the slimy 
disk. One was seen to move Ij feet in 24 hours. (Photo of living animals by F. Schensky, Heligoland) 
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Solitary corals. Left^ the polyp, Balatiophyllia, has a red stony cup about inch in diameter. The spots on 
the tentacles are batteries of stinging capsules. (Photo of living animal. Pacific Grove, California.) Right, 
radial symmetry of ooelenterates is strikingly shown by the empty cup of a small solitwy coral seen from above. 
In the living animal the stony plates support delicate partitions which divide up the gastro vascular cavity. 
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A corj^ ^lony (Asiranyia) arises by budding from a sin^b individual, flacii pcdyp is f inch high. Ajrifonffic 
^*“0 grow in the cold waters off Cape Cod. (Woods Hole, Mass. Courtesy American Museum Natural History) 





Brain coral on the ocean floor off the Bahama Islands. Live brain coral with polyps retracted as it appea 
This colony is several feet across, but these gigantic in the daytime- Most corals remain contracted du 
masses of limestone may be 8 feet in diameter, or larger, ing the day and only expand and feed at nigh 
and weigh several tons. (Underwater photograph by A closeup of this same coral colony at night, is show 
Johnson; courtesy Mechanical Improvements Corp.) below to the lefL (Bermuda) 



Live brain corat w 

partly expanded p 
yps, at night. The p 
yps do not occupy sej 
rate cups but are c» 
tinuous with each o 
er. except for sejmr! 
mouths which lie at 
tervals along the b 
tom of the groove. I 
tentacles lining the a 
uous grooves were o\ 
spread until the li^ 
was turned on to ma 
the exposuie. (B' 
muda) 


Cleaned skeleton of a brain 
coral sjfamws the sinuous grooves 
whkh the live polyps formerly 
occupied and the delicate stony 
partitions. Even such a small 
coral as this is the accumulated 
depo^ of many generations ol 
pedypa. (lightly less than naU 
ural awe) 
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Great Barrier Reef of Australia at low tide. The reefs, which form an underwater barrier 1,260 miles 
long, many miles wide, and at least 180 feet high, are a serious hasard to ships. Most of this limestone has been 
deposited by countless small, delicate polyps. This view is unusual in that it consists almost entirely of a single 
tyf)e, the stag’s-horn coral {Madrep(ym). (Photo by W. Saville-Kent) 


^oral skeletons 

rom the Great Bar- 
ier Reef, In life they 
liffer even more be- 
ause the p>olyp8 show 
k striking variety in 
orm and in their bril- | 
iant colors. These 
Iried and bleached 
keletons are beauti- 
^1 and are used as 
imaments. But they 
[ive about as good an 
bipression of the ex- 
[uisite beauty of liv- 
kg, expanded corals 
B one would get of c 
he beauty of a worn- * 
n from her whitened 
ones. (Photo by W^,. 
aville'Kent) 
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Coral reef exposc^d at low 
tide. Blaek-and- white photo- 
graphs give a {KM>r impression 
of the beauty of such reefs. 
The corals are all colors^ from 
delicate blues aud pinks to 
yellow-green, bright green, vio- 
let, or brown. (Photo taken on 
Great Barrier Reef by Mrs. 
C. M. Yonge) 



Soft corals are alcyonarians, cx>elenterates with eight feathery t^tacles. They consist of thick masses of flesh, t 
toughened by the particles of limestone imbedded in them, and bear small delicate polyps. When the tide is out 
and the polyps are retracted, they look like flabby masses of leathery seaweed. (Photo taken looking down 
through shallcm water on the Great Barrier Reef by Otho Webb> 
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Precious coral, CoraUium rubrum, is related not to the reef corals but to the gorgoriians and the pipe organ 
coral, as can be seen in the close-up of a single polyp, which shows the eight feathery tentacles surrounding the 
mouth. The anemones and tjrue corals have simple, numerous tentacles, usually in multiples of six. The tissues 
of the precious coral are stiffened by limestone particles which are fused in the center of the colony into a solid 
core of red limestone. It is used in making jewelry. (Photos of preserved specimens by P. S. Tice) 
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Coral blocks for builduig houses in Bermuda are cut hom the hilltops with a saw. The material consists of 
sand, mollusk shells, and coral skeletons ^^und fine by wave action, deposited on the beach, and then cemented 
together to make the soft '*corai rock*^ which fcKmis the surface layers of the island. 





S«a fan (Etmicella) with fully expanded polyps. As in the precious coral, the polyps have eight feathery ten- 
tacles and share the food they catch with the other members of their colony. About twice natural siae. Xiuwri, 
the whole colony, about 1/5 natural size’. (Photos of living animals by D. P. Wilson, Plymouth, Eng.) 




Gorgonians, often califnl sea whips, spring like shnibbery from among the rounded masses of corals on th< 
ocean floor. (Photo taken off the Bahama Islands by Johnson; eouHesy M<H'hanica! linprovement.s (drp.) 



Making an underwater photograph. The Sea whip brought up from 20 h-et of water. The dark spots 
camera is ‘meloiK^ in a waterti^l box held by the represent iVic posit ions of retracted polyps. The sk<‘leton is 
man in the diving helmet. (Photo by Johnson; not rigid as in stony corals but is ipiite flexible < Photr. u? 
courtesy Mechanical Improvements Corp.) living colony, Ih rmudat 
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A fully expanded gorgonian occupies tiie center of this picture; below it to the left is an anemone with long 
leritacles, and to the right are nugget and brain corals. Just above it to the left is a bouquet-shaped mass, a 
“stinging coral” or miUeporiN the only kind of coral with capsules painful to man. Though they secrete lime- 
st^uie skeletons, they are related not to reef corals but to hydroids, and they have a free-swimming medusa 
stage. (Photo made in the Bermuda Aquarium by permission of the director. L. Mowbray) 
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Sea gooseberries (Pleurohraekia) swim by means of eight rows of ciliated combs. The two long tentades sweep 
the water for small food organisms. About natural size. (Photo oi living animals by P. Schensky. HeUgoiand) 


CHAPTERS 



COMB JELLIES 

C OjMB j(‘lli(‘s are traiisj)arent gelatinous animals whieli float in the 
surface waters of the sea, mostly near shores. Being feeble swim- 
uKTs, they are carried about by currents and tides, so that they 
often accumulale in vast numbers in some bay where winds have driven 
them. During a storm their fragile bodies are swept ashore l>y the high 
waves and ar(' strewTi about on th(‘ Ix'aches. Th(\v arcs therefore, not an 
unfamiliar sight to people who live on the seacoasts; and they have been 
given many common nanu\s, such as '\s('a gooseberries” and ‘\sea wal- 
nuts.” dliese names descril)e the shaj)e and size of two of the most com- 
mon ty])es; but they give no suggcsst ion of the' unicpie character from which 
has been derived the common name, “comb jelly” and the technical name, 
phylum CTENOPHORA. J die ctcnophorc's (“comb-bearers”) swim 
about in the water by means of eight rows of ciliary combs. Each row 
consists of a succession of little plates formed of large cilia fused together 
at their attached ends like the tcvth of a comb. The rows radiate over the 
surfac‘e of the animal from the upper pole to the lower pole, like the lines 
of longitude on a globe. 
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The combs are lifted rapidly in the direction of the upper pole, then 
slowly lowered to their relaxed position. Those in each row beat one after 
the other from the upper toward the lower pole. All eight rows beat in 
imison, and the animal is slowly propelled through the water with the 



Pleurobrachia is a typical* ctenophorc. 


lower pole (mouth end) in front. The rapidly beating combs refract light 
and produce a constant play of changing colors. Comb jellies are noted for 
the beauty of their daytime iridescence, but this is certainly matched at 
night by those comb jellies that are luminescent. When the animals are 
disturbed as they move slowly through the dark water, they flash along 
the eight rows of combs. 
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At the upper pole of the animal is an area composed of nerve cells and 
sensory cells. In the center of the area is a covered pit containing a sense 
organ, which consists of a little mass of limestone particles supported on 
four tufts of cilia connected with sense cells. It is thought to act as a sort 
of balancing device or “steering-gear.” Any turning of the body causes the 
limestone mass to bear more heavily upon the ciliary tuft of one side or 



another. Presumably, this stimulates the sensory cells, and the stimulus 
is carried by nerve cells to the swimming combs, causing them to beat 
faster on one side, thus righting the animal. From this polar area a nerve 
net extends all over the body and is concentrated into eight nerve cords, 
one under each row of combs. This system regulates and co-ordinates the 
activity of the eight ciliary rows, for, if the polar area is removed, the 
combs become disorganized. And if any row is cut across, the swimming 
combs below the cut get out of step with those above. 

The general body plan of a comb jelly resembles that of a coelenterate 
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medusa. There is an epithelium of ectoderm covering the outer surface, 
an epithelium of endoderm lining the gastrovascular cavity, and a thick 
jelly between. The jelly contains ameboid mesenchyme cells and long, 
delicate muscle cells which run from one part of the body to another. 

The more i)rimitive comb jellies have globular or pear-shaped bodies 
with a branched muscular tentacle on each side which can be withdrawn 
into a pouch. These tentacles have no stinging capsules, but the branches 
are covered with special adhesive cells (not to be confused with the ad- 
hesive thread capsules of coelenterates) which stick to, and entangle, the 



Cros8-section through one of the branches of a tentacle. The outer surface is covered by the vsticky 
heads of the adhesive cells. Each cell has a coiled thread (attaclied to the central muscular axis of 
the tentacle branch) which acts as a spring to prevent the cell from being wrenched off by the strug- 
gling prey. (Combined from several sources) 


prey. Such ctenophores catch small shrimps or fishes by extending their 
tentacles full length and then curving and looping through the water, with 
the sticky tentacles sweeping a wide area. Other kinds of ctenophores 
have the tentacles reduced to very short filaments ; they feed mostly on 
larvas and other small organisms which are caught by the ciliated grooves 
and swept toward the mouth. ^ 

The mouth is situated in the center of the lower pole and leads into a 
branched gastrovascular cavity which extends through the jelly, eventual- 
ly giving oS eight branches, one below each row of combs. Undigested food 
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comes out through the mouth, though the gastrovascular cavity does open 
to the outside by two minute pores situated near the sense organ and 
shown (but not labeled) in the diagram of the upper pole of Pleurobrachia. 



Cestus lives in warm seas but is sometimes carried north along our eastern coast in the Gulf Stream. 
Because of the elongate<l shape and the beauty of the transparent body, which shimmers with blue 
or green in the sunlight, it is commonly called “Venus’ girdle.” (After C'hun) 


All ctenophores are hermaphroditic. Both ovaries and testes occur on 
the walls of each of the gastrovascular branches that run below the rows of 


combs. The eggs and sperms are shed to the out- 
side through the mouth. The free-swimming 
larva develops directly, through rather compli- 
cated changes, into the adult. 

A number of bizarre forms occur among the 
comb jellies. Cestus is flattened from side to side 
and reaches a length of over 3 feet. It swims by 
muscular undulations of the ribbon-like body as 
well as by the beating of the elongated swim- 
ming-plates. 

Coeloplana is flattened in the other direction, 
so that the two poles, bearing mouth and sense 
organ, are brought close together. It has a typical 
comb-jelly structure with two tentacles, but has 
lost its combs. By virtue of extensive develop- 



Coeloplana, an viewed from 


ment of muscle fibers it is able to creep about above. This animal is common 

like a worm. Such an animal illustrates how coasts of Japan, where 

it creeps about on the sea- 

round, free-swimming organisms can become flat- weeds. (Modified after Krempf) 
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tened, bottom-creeping forms. As we shall see, the next phylum is char- 
acterized by the flattened, creeping type of animal. 



Coeloplana, as seen in diagrammatic section. The body is flattened so that the mouth and sen.se organ 
are relatively close together as comparetl with a more typical ctenophore like Pleurobrachia. (Modi- 
fied after Komai) 



Mnemiopsis is a ctenophore f>r “sea walnut” ooraraon on our East ('oast, where it is often seen in large swarms 
at the surface, swimming by means of eight rows of ciliated plates, nearly all of which show in the photograph. 
Hows of cilia, around the mouth end (toward the right in this photo), direct minute particles of hx>d into the 
mouth. The animals are luminescent, and when disturix'd at night, as by the passing of a boat, they light up 
along the rows of .swimming plates. About twice natural size. (Photo of living animals. Woods Hole, Mass.) 








Small ctanophoras, often called “sea gooseberries,” are frequently cast up on ocean beaches. These are 
Pleurobrachiaj shown in a previouvS photograph with tentacles extended. (San Francisco. California^ 






CHAPTER 10 



THREE LAYERS OF CELLS 

P UT a piece of raw meat into a small stream or spring and after a 
few hours you may find it covered with hundreds of black worms 
that are feeding upon it. These worms, each about half an inch 
long, are called planarias. When not attracted into the open by food, they 
live inconspicuously under stones and on the vegetation. 

Planarias belong to the phylum PLATYHELMINTHES (“platy,” 
flat; “helrainthes,” worm), which also includes many free-living marine 
species' and two important groups of parasites, the flukes and tapeworms. 
There are many kinds (species) of planarias, just as there are many kinds 
of amebas and hydras. 

The planaria differs from the hydra in that one end of the body has a 
definite head, with eyes and other sense organs. The head is always di- 
rected forward in locomotion; and the body is clearly differentiated into 
front, or anterior, and rear, or posterior, ends. The planaria has an 
elongated flattened body; and if we watch it move, we see that one surface 
of the body always remains upward while the other is kept against the 
bottom. The upper surface is termed dorsal (meaning back), and the 
lower surface, ventral (meaning belly). We also notice that the various 
parts, such as the eyes, are symmetrically arranged on the two sides, as in 
ourselves. 

The planaria moves about in a characteristic slow, gliding fashion, with 
the head bending from side to side as though it were “testing” the environ- 
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ment. If we prod the animal, it hurries away by marked muscular waves. 
All these movements result from two mechanisms. The gliding is ciliary; 
the other movements are muscular. The surface of the planaria consists 
of a protective epithelium, as in the hydra; but this is ciliated, particularly 
on the ventral side. Numerous gland cells, which secrete a mucous mate- 
rial, open on the surface of the body and pour out slime, upon which the 
worm moves. The cilia obtain traction on this bed of slime, and as they 
beat backward, they move the animal forward. Planarias do not swim 
freely through the water, but only in contact with a solid object or on the 
underside of the surface film. When a worm leaves the surface, it glides 
down attached to a thread of mucus. Just underneath the epithelium are 
layers of muscle cells. The outer layer runs in a circular direction, and the 
inner layer in a longitudinal direction. Muscles also run between dorsal 
and ventral surfaces and help to make possible all sorts of agile bending 
and twisting movements. The muscles are not part of the epithelial cells, 
as in the hydra, but are independent muscle cells specialized for contrac- 
tion. Also, they are not developed from the ectoderm or endoderm but 
arise in a different way. 

Beginning with flatworms, all higher animals have a mass of cells be- 
tween the ectoderm and the endoderm, appropriately called the mesoderm 
(“middle skin’’). This layer gives rise to muscles and to other structures 
which make possible an increasing complexity and efficiency in animal 
activities. Like almost all characters of animals, the mesoderm does not 
appear suddenly in fully developed form. Its early beginnings are perhaps 
represented in the ameboid mesenchyme cells of the hydra. But we do not 
consider mesenchyme to be true mesoderm until, as in the flatworms and 
in all higher animals, it is more massive than either ectoderm or endoderm 
and gives rise to definite structures, such as the reproductive organs. 

Two-layered animals, like the hydra and the obelia, are usually small 
and fragile, because ectoderm and endoderm are essentially single layers 
of epithelium. The largest two-layered animals are certain jellyfishes; 
these have attained great size and a certain amount of body firmness by 
the secretion of great quantities of a viscous, nonliving jellylike material 
between ectoderm and endoderm. In three-layered animals the mesen- 
chyme has been increased from a scattered group of wandering ameboid 
cells to a many-layered tissue that gives firmness and bulk to the body. 

The coelenterates were animals organized on the tissue level. From 
flatworms to man, animals are constructed on a still higher level of or- 
ganization. Not only do cells work together to form tissues, but tis- 
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sues of various kinds are closely associated to form one structure, called 
an organ, adapted for the efficient performance of some one function. 
Thus the human stomach is an organ composed of epithelium, connec- 
tive tissue, muscle layers, and nervous tissue. The epithelium lines the 
cavity and contains the gland cells which secrete the gastric juice; the 
muscle layers cause the stomach contractions; the nervous tissue co-ordi- 
nates the muscle contractions and relates stomach activity to the whole 
body; and the connective tissue binds the various layers together. An 
organ usually co-operates with other organs or parts in the performance 
of some life-activity, and such a group of structures devoted to one activ- 
ity is termed an organ-system. Thus, the stomach is part of the digestive 
system; and all the other parts of this system, such as the esophagus, liver, 
and intestiiK', are necessary for the proper performance of digestion in 



Diagrammatic cross-section of a planaria showing the general body plan. 


man. The higher animals are made up of a number of such organ-systems, 
as the digestive system, excretory system, circulatory system, nervous 
system, and so on. Flat worms do not have all of these, and the ones they 
do possess are not all very well developed ; but they are the lowest phylum 
of animals built on the organ-system level of construction. 

In the digestive system of planaria the mouth, curiously enough, is 
not on the head but near the middle of the ventral surface. It opens into a 
cavity which contains a tubular muscular organ, the pharynx, attached 
only at its anterior end. The pharynx contains complex muscular layers 
and many gland cells. By means of the muscles, the pharynx can be great- 
ly lengthened and then protruded from the mouth for some distance; it 
behaves in this way during feeding. Planarias feed on small live animals 
or on the dead bodies of larger animals. They can sense the presence of 
food from a considerable distance by means of sensory cells on the head. 
They move toward their food, mount upon it, and press it against the 



anterior end 



Pianariai cut open to show construction of digestive system, pharynx withdrawn. Small draw- 
ing in upper left shows animal with part of body cut away and pharynx extended. 
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bottom by means of their muscular bodies. Struggling prey can be suc- 
cessfully held in this way, especially after they have become entangled in 
the slimy secretion from the worm. The pharynx is protruded posteriorly 
through the mouth and onto the food. Sucking movements by the action 
of the muscles of the pharynx tear the food into microscopic bits and swal- 
low it, along with the juices of the prey. 

From the anterior attached end of the pharynx the rest of the digestive 
system extends throughout the interior of the animal. It consists of one 
anterior branch which runs forward and two posterior branches which pass 
backward, one on either side of the pharynx, to the posterior end. All 
three branches of this gastrovascular cavity have numerous and fairly 
regularly spaced side branches, thus providing for the distribution of the 
food to all parts of the body. The epithelium of the gastrovascular cavity 
consists simply of the endoderm and corresponds to the endoderm of the 
hydra. 

There is practically no digestion of food in the gastrovascular cavity 
of the planaria, such as occurs in coelenterates, for the food is broken 
up into small particles before it enters the cavity, and is thus ready to be 
taken up by the epithelial cells in ameboid fashion and formed into food 
vacuoles. The digested food is absorbed and passes by diffusion through- 
out the tissues of the body. There is only one opening to the gastrovascu- 
lar cavity ; indigestible particles are eliminated through the mouth, as in 
the hydra. 

Experiments on a common species of planaria which was fed on liver showed that, 
after a meal, all the ingested liver was taken into tlie epithelial cells in about eight hours, 
and that three to five days were required for the complete digestion of the food vacuoles 
so formed. Much of the food was found to be converted into fat, which was stored in the 
intestinal epithelium, and some remained in certain cells as little si)heres of stored protein. 

Practically all animals can store food reserves upon which they draw in time of need. 
A small animal like the ameha stores very little and, unless it goes into the inactive en- 
cysted state, will die after about two weeks without food. Hydras survive much longer 
periods of starvation. But planarias arc peculiarly adapted to go for many months with- 
out food while remaining active. During the starvation period they use the food stored 
in the digestive epithelium, whole cells breaking down. Later they begin to digest other 
tissues, the reproductive organs usually going first. Externally one can observe only that 
the worms grow steadily smaller though retaining the same general appearance. A worm 
starved for six months may shrink from a length of 20 mm. to one of 3 mm. Because of 
their ability to go for months without food, planarias make ideal household pets for people 
who are too busy or too absent-minded to keep an “exacting” animal like a canary. 

The region between the outer protective epithelium (ectoderm) and the 
inner digestive epithelium (endoderm) is filled with various organs sur- 
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rounded by mesenchyme in the form of ameboid cells, most of which are 
united into a network, although some are free and move about. The mus- 
cle layers already mentioned 
are imbedded in this mesen- 
chyme, and it also contains 
many gland cells which open 
to the surface and secrete 
slime or sticky substances. 
The gland cells are largely 
derived from the ectoderm; 
but the organs, muscles, 
and mesenchyme are meso- 
dermal. 

A new system which was 
not found in any of the forms 
already studied is the ex- 
cretory system. This lies in 
the mesenchyme and con- 
sists of a network of fine 
tubes which run the length 
of the animal on each side 
and open to the surface by 
several minute pores. Side 
branches from these tubes 
terminate in the mesen- 
chyme in tiny enlargements 
known as flame cells. Each 
flame cell has a hollow cen- 
ter in which beats a tuft of 
cilia simulating a flickering 
flame. The hollow center is 
continuous with the cavity 
of the tubules of the system, 
and the ciliary beat causes 
a current of fluid to move 
along the tubules to the 
pores. Since metabolic 
wastes seem to be excreted to the outside largely by way of the endodermal 
epithelium and mouth, the flame-cell system (like the contractile vacuoles 



Excretory system of a planaria. On the right is shown a 
single flame cell attached to a portion of the excretory canal. 
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of protozoa) appears to function primarily for the regulation of the water 
content of the tissues. 

The planaria has a highly complicated reproductive system for sexual 
reproduction. We saw that in sponges single mesenchyme cells became 
eggs and sperms, and that in coelenterates mesenchyme cells aggregate 
into simple ovaries and testes, which discharge their contents, the eggs 
and sperms, directly to the exterior. In planarias, ovaries and testes arise 
in the mesenchyme; but there is a system of tubules and chambers in 
which fertilization occurs, and there are complicated sex organs for the 
transfer of sperms. The animals are hermaphrodites, forming both male 


mesenchyme testis 



( Toss-section through a sexually mature planaria, showing internal organs. Gland cells open to 
tlie surface. 


and female sex organs in every individual; but exchange of sperms takes 
place so that cross-fertilization is effected. After the reproductive season 
the reproductive system degenerates and is regenerated anew at the be- 
ginning of the next sexual period. 

When sexually mature, each individual has a pair of ovaries close behind the eyes. 
From each ovary a tube, the oviduct, runs backward near the ventral surface. Multiple 
yolk glands, consisting of clusters of yolk cells, lie along the oviduct, into which they 
open. There are numerous testes along the sides of the body. From each testis leads a 
delicate tube, and all these tubes unite on each side to form a prominent sperm duct, 
which runs backward near the oviduct. The sperm ducts, packed with sperms during the 
time of sexual maturity, connect with a muscular, protrusible organ called the penis, which 
is iLsed for transfer of the sperms to another planaria. The penis projects into a chamber, the 
genital chamber, into which there also open the oviducts and a long-stalked sac called the 
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copulatory sac. The genital chamber opens to the exterior by the genital pore on 
the ventral surface behind the mouth. 

Although each planaria contains a complete male and female sexual apparatus, self- 
fertilization does not occur; instead, two worms come together and oppose their ventral 



surfaces. The penis of each is protruded through the genital pore and deposits sperms in 
the copulatory sac of its partner. After copulation, the worms separate. The sperms soon 
leave the copulatory sac and travel up the oviducts until they reach the ovaries, where 
they fertilize the ripe eggs as they are discharged. The fertilized eggs pass down the ovi- 
ducts, and at the same time yolk cells are discharged from the yolk glands into the ovi- 
ducts. When eggs and yolk cells reach the genital chamber, they become surrounded 
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by a shell to form an egg capsule. The eggs of flatworms are peculiar in that food reserves 
do not occur in the eggs themselves but are kept in the yolk cells, which accompany the 
eggs. I'he capsules (each con- 
taining less than ten eggs and 

thousands of yolk cells) are brain 

passed out through the gen- 
ital pore and are often fas- 
tened to objects in the water. 

They hatch in two or three 
weeks to minute worms, like 
their parents except that they 
lack a reproductive system. I 


Many planarias have I nerve cord 

no method of reproduc- 
tion other than the sex- 
^ ual, but some multiply 
asexually. In this proc- 
ess the worm, without 

» any evident preliminary 
change, constricts at a 
region behind the phar- 
ynx, and the posterior 
piece begins to behave as 
though it were ‘‘revolt- 
ing” against the domi- 
nation of the anterior 
piece. When the whole 
animal is gliding quietly 
along, the posterior part 
may suddenly grip the 
bottom and hold on, while the anterior head- 
piece struggles to move forward. After several 
hours of this “tug of war” the anterior piece 
finally breaks loose and moves off by itself. 

Both pieces regenerate the missing parts and 
become complete worms. Species which have 
this habit often go for long periods without sex- system of a planada. 

ual reproduction, and, in fact, some of them rarely develop sex organs. 

In jBatworms we see the first appearance of a central nervous system, the 
kind of nervous system possessed and further centralized by all higher 


Asexual division. />^/^ 
just before division. Rights 
just after. The rear piece 
will soon develop a head, 
pharynx, and other struc- 
tures. 
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animals. In the planaria there is in the head a concentration of nervous 
tissue into a bilobed mass called the brain. From the brain two strandlike 
concentrations of nerve cells, the nerve cords, run backward through the 
mesenchyme near the ventral surface. From these ventral nerve cords 
numerous side branches are given off to the body margins, and the two 
cords are connected with each other by many cross-strands like the rungs 
in a ladder. Because of its resemblance to a ladder, this type of system 
has been called the “ladder type’' of nervous system. The brain and the 
two cords constitute the central nervous system, a kind of “main high- 
way” for nervous impulses going from one end of the body to the other. 
The brain is not necessary for the muscular co-ordination involved in loco- 
motion, for a planaria deprived of its brain will still move along in co- 
ordinated fashion. It serves chiefly as a sensory relay that receives stimuli 
from the sense organs and sends them on to the rest of the body. The re- 
sult is a much more closely knit behavior than is possible with the diffuse, 

noncentralized nerve net of the hydra, 
which lacked definite pathways and a 
co-ordinating center. 

The nerve net does not disappear in the planaria 
but persists in addition to the central nervous 
system. Nerve nets also occur locally in the tis- 
sues of almost all higher animals. In man, for ex- 
ample, a well-developed nerve net (connected 
with the central nervous system) occurs in the 
wall of the intestine. 

Conditions in the external world are 
conveyed to the nervous system by sen- 
sory cells, slender, elongated cells that 
lie, with their pointed ends projecting 
from the body surface, between the epi- 
thelial cells. Probably different ones are 
specialized to receive touch, temperature, 
and chemical stimuli. Sensory cells are 
distributed all over the body surface, as in 
the hydra, but in addition are concentrated in the head to form sense organs. 
The sensory lobes, pointed projections on each side of the head, are known 
to be especially sensitive to touch and to water currents, and probably 
also to food and other chemicals. The two eyes are sense organs special- 
ized for light reception. Each consists of a bowl of black pigment filled 


surface ectoderm 
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Section through eye of a planaria. The 
eye is sensitive only to light coming toward 
the open end of the pigment cup. The 
light-sensitive nerve cells run to the brain. 
(Modihed after Hesse) 
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with special sensory cells whose ends continue as nerves which enter the 
brain. The pigment shades the sensory cells from light in all directions 
but one, and so enables the animal to respond to the direction of the light. 
Unlike other regions of the ectoderm, that which is immediately above 
the eye is unpigmented, and thus allows light to pass through to the sen- 
sory cells. Planarias whose eyes have been removed still react to light. 



Orientation to light. 1-6, successive positions of a planaria. In 1 , the animal was moving away from 
light coming from source A. When it reached position 2, the light was turned off at A and on at B. 
Tlie worm turned and moved away from the light. At position 5, light B was turned oH‘ and C turned 
on; the worm again oriented away from the light. (Hasetl on Taliaferro) 


but more slowly and less exactly than normal worms. This indicates that 
there must be some light-sensitive cells over the general body surface. 

By virtue of abundant sensory cells, specialized sense organs, and a 
centralized nervous system the planaria shows a more varied behavior 
and much more rapid responses than does the hydra. Planarias avoid 
light and are generally found in dark places, under stones or leaves of 
water plants. If placed in a dish exposed to light, they immediately turn 
and move toward the darkest part of the dish. They are highly positive 
to contact and tend to keep the under surface of the body in contact with 
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other objects. They respond to chemical substances in the water and 
quickly react to the presence of food by turning and moving directly to- 
ward it. That is why a piece of raw meat placed in a spring inhabited by 
planarias attracts hordes of worms, which glide upstream toward the food, 
guided by the meat juices in the current of water. Planarias react to water 
currents, and some species regularly move upstream against a current. 



Reactions to water currents pro<luced by a pipet. A, B, there is no response as the current strikes 
the middle or rear of the body. C, D, the current strikes the sensory lobe on the side of the head and 
the worm turns toward the current. E , F , the current from the rear passes along the sides of the body 
to the sensory lobes and the worm turns around toward the current. In nature these reactions 
orient the worm upstream. (Modified from I. Doflein) 


They also respond to the agitation of the water produced by the animals 
upon which they prey. 

T he flatworms, as illustrated by the planarias, are advanced over 
two-layered animals in a number of important characters which are 
possessed by all higher animals. The flatworms are the first animals to 
have specialized anterior and posterior ends and dorsal and ventral sur- 
faces. They are the first to have a definite head with a concentration of 
sense organs and the development of a central nervous system. And they 
are the first to make extensive use of a third layer of cells, the mesoderm, 
which, either by itself or in combination with ectoderm or endoderm, gives 
rise to organs and organ systems. 



CHAPTER 11 



THE SHAPES OF ANIMALS 


A LTHOUGH animals range in size from microscopic protozoa to 
/% massive whales, there are only three basic styles in animal 
^ jIl shapes: spherical, radial, and bilateral. A spherical form is as- 
sumed by any isolated small quantity of liquid because of the physical 
forces acting upon it. Small bits of protoplasm or single cells assume 
this spherical form unless they have a stiff surface layer or skeleton which 
enables them to maintain some other shape. The ameba becomes spheri- 
cal when at rest and must expend energy in extending pseudopods. 
This type of shape, called spherical symmetry, is characterized by the 
arrangement of structures with reference to the center of a sphere. 
Since all radii are alike, a spherical animal can be divided into two 
identical pieces by a cut in any direction through the center. There 
is no front or rear, no top or bottom, no right or left sides — at least no 
permanent ones. This is a disadvantage of the spherical form since such 
an animal can show only a very indefinite kind of locomotion — and, in 
fact, most spherical animals are free-floating. On the other hand, this type 
of symmetry is admirably suited to the needs of floating animals which do 
not move under their own power; they cannot swim toward food or away 
from enemies but must respond to these on any side from which they may 
approach. Spherical symmetry is found among adult animals only in 
protozoa, where it is best seen in certain shelled protozoa (radiolarians. 
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one of which is shown in the drawing at the head of the chapter) which 
float near the surface of the ocean and feed by means of pseudopods that 
radiate out in all directions through openings in the shell. 

If we imagine a sphere developing a mouth, the surface will no longer 
be everywhere the same but will be difiFerentiated into the part bearing the 
mouth and the part not bearing the mouth. If the food-capturing devices 
of the animal, such as tentacles, are arranged in a circle around the mouth, 
this body plan just fits a polyp like the hydra. Both the polyps and the 
medusas of coelenterates exhibit radial symmetry, in which all radii are 
alike at any particular level, but there is a differentiation between levels 
along an axis from the mouth end to the end opposite the mouth. A radial 
animal may be cut into two identical pieces by a lengthwise cut (but not 
a crosswise cut) through the center in any direction, for the animal is 
alike all around the circumference: it has no differentiated sides. This 
lack of a definite side to go first in locomotion renders moving about some- 
what ineffective. Radial animals either drift with the water currents most 
of the time or live a sessile life. A sessile animal has nothing to “fear’' 
from below, and the basal end is specialized only for attachment. The 
circle of tentacles extending from the exposed mouth end are prepared to 
meet the environment from above and from all sides. Radial symmetry 
is seen in some protozoa and sponges but is most characteristic of coelen- 
terates. 

For efficient locomotion it is essential that one end should go first. In 
the planaria there is a definite front or anterior end which bears the sense 
organs and which always ventures first into a new environment, and a rear 
or posterior end which merely follows along. Such an animal would seem 
to be open to attack from the rear and from the sides, as compared with a 
hydra (or a medusa), which can detect enemies and ward off their attacks 
on all sides. However, the concentration of sense organs in the front end 
enables the animal to detect danger ahead and so better to avoid it. Also, 
specialization of anterior and posterior ends is related to efficient loco- 
motion, and such animals can better escape from their enemies than can 
radial animals. 

The specialization of the head end is accompanied by a differentiation 
of the upper and lower surfaces of the body. The under surface of the 
planaria bears the mouth and most of the cilia and is quite different from 
the upper exposed surface. This type of body form in which there is a 
difference between front and rear and between upper and lower surfaces 
is called bilateral symmetry. The term “bilateral” means hoo sides and 
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refers not to these surfaces but to the fact that in these animals the body 
structures are arranged symmetrically on the two sides with reference to 
a central plane which runs from the middle of the head end to the middle 
of the tail end. The paired eyes and sensory lobes of planaria (and the 
paired structures of man) occur at equal distances to either side of this 
plane. Single organs are generally located in the mid-line and are bisected 
by the i)lane. Bilateral animals have right and left sides, while the hydra, 
for instance, has no defined sides. A bilateral animal can be cut into two 
similar pieces by only one particular cut—along the plane which runs 
down the middle of the body from head to tail and from back to belly. 
The two resulting pieces are not identical but are mirror-images of each 
other. 

The bilateral symmetry is often imperfect in some degree, owing to the specialization of 
one side or part over the other. Thus, in man the right arm is usually larger and stronger 
than the left, and in the brain there is a speech center on the left side but none on the 
right. Much more marked asymmetries occur in other bilateral animals, such as the 
coiling of the snail shell into a spiral (because of une(jual growth of the two sides). 

When bilateral animals become sedentary, they tend to evolve a modified symmetry 
which appears superficially like radial symmetry. An example is the starfish, which is 
said to be secondarily radial or to display secondary radial symmetry. 

The bilateral body form lends itself readily to ‘‘streamlining” and, with 
a head to direct movements, gives rise to fast-moving and therefore very 
successful animals. Beginning with the flatworms, all animals (unless 
secondarily modified) are bilaterally symmetrical. 

A form which has no definite symmetry is seen in various protozoa and 
in most sponges (such animals are said to be affy 711 metrical). However, 
some kind of symmetry is characteristic of animals in general. 



CHAPTER 12 



NEW PARTS FROM OLD 

R egeneration, or the ability to repair damage, is almost uni- 
versal among animals. In man, wounds of considerable size 
j heal and broken bones grow together again, but a lost finger or 
toe cannot be replaced. Among the invertebrates, the power of repair is 
much greater, and, in general, the lower the degree of organization of an 
animal, the greater is its ability to replace lost parts. Such regeneration 
depends upon the ability of the uninjured cells to produce the kinds of 
cells destroyed by the injury. Consequently, the more specialized the 
cells of an animal have become, the less able are they to produce cells dif- 
ferent from themselves and so replace the missing parts. 

Protozoa have a notable capacity for regeneration. Any piece that is 
not too small will re-form a complete and perfect animal if it contains a 
nucleus; nonnucleated pieces fail to regenerate. This is not surprising 
when we recall that in the normal method of reproduction in protozoa the 
nucleus divides in two and the cell breaks into two parts, each containing 
half of the nucleus and each capable of growing into a complete individual. 
In many ciliates there is more than a simple replacement of missing parts. 
Injury to the basal part of a single large cilium may cause a complete 
breakdown and resorption of all the cell structures except the nucleus, 
followed by the differentiation of a new set of parts. Furthermore, even 
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the most complex protozoa lose a certain amount of 
their specialization at each cell division, and then un- 
dergo complete differentiation again before the next 
division. Thus, their life-histories are fundamentally 
different from, and their powers of regeneration greater 
than, those of the many -celled animals whose develop- 
ment involves the progressive specialization of cells 
through countless cell divisions. 

Among the loosely organized sponges we saw a very 
marked ability to regenerate; cells from finely macer- 
ated sponges fuse in small masses and develop into 
complete sponges, as discussed in chapter 6. 

Coelenterates also regenerate very well. Hydroids, 
like the obelia, have been pressed through fine gauze, 
after which the separated cells have clumped together 
to regenerate new polyps. Pieces of the hydra body 
grow into small but complete hydras. 

Similarly, some planarias will regenerate complete 
worms from almost any piece. The parasitic flatworms, 

on the other hand, have no ability to replace parts re- 
moved; and this statement applies to parasitic animals 
in general. 

Although an earthworm can replace its head, a star- 
fish its arms, and a lobster a leg or an antenna, the 
higher invertebrates show, in general, an increased spe- 
cialization and a corresponding decrease in capacity for 
regeneration. 

Consequently, regeneration has been studied mostly 
in the protozoa, sponges, hydras, hydroids, and plana- 
rias. Planarias, in particular, have been the subject of 
extensive researches, and certain general facts have 
been ascertained which apply to all the lower animals. 

In the first place, any piece of such animals usually 
retains the same polarity it had while in the whole ani- 
mal, that is, the regenerated head grows out of the cut 
end of the piece which faced the anterior end in the 
whole animal, and the regenerated tail grows out of 
the cut end which faced the posterior end. This antero- 



Capacity for regen- 
eration decreases from 
the anterior to the pos- 
terior end. (Based on 
Child) 



A regenerating piece re- 
tains its polarity — a 
head grows from the 
anterior end and a tail 
grows from the posteri- 
or end. (Based on Child) 
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Grafting. A, a small piece, indicated by broken 
lines, is cut out of the head of the <lonor. B, the 
graft is placed in a wound made in the body of the 
host. C, the graft has grown into a small hea<l. 
(Based on Santos) 

l)igger and more normal heads than 
pieces from posterior regions, and 
there is a gradual change in these re- 
spects along the anteroposterior ax- 
is. In some planarias only the pieces 
from anterior regions are able to 
form a head, while those farther 
back effect repair but do not regen- 
erate a head. 

The head of a planaria is domi- 
nant over the rest of the body, and, 
in general, any level controls the 
level posterior to it. One way in 
which this dominance can be dem- 
onstrated is by means of grafting. If 
a small bit of the head region of a 
planaria is grafted into a more pos- 
terior level, it will not only grow out 
into a head but will influence the ad- 
jacent tissues to co-operate with it so 
that a new pharynx, for example. 


posterior differentiation is operative 
throughout the entire animal down 
to small portions. 

Another generalization drawn 
from these experiments is that the 
capacity for regeneration is great- 
est near the anterior end and de- 
creases toward the posterior end. 
Pieces from the anterior regions of a 
planaria regenerate faster and form 



Reversal of anteroposterior axis by a graft. 

In this exi)eriment host and graft were of two dif- 
ferent species, and the tissues of each remained 
distinguishable as growth occurred. A, the host 
pharnyx was removed and in its place was grafted 
a piece of the donor, including the eyes, part of 
the brain, and adjacent mesenchyme. One w^eek 
later, the host tail was cut off at the level of the 
dotted line. B, a few weeks later, the graft has 
grown out as a small head. The host has developed 
a new pharnyx and is about to divide asexually as 
indicated by the constriction. C, 74 days after 
grafting. A pharynx has formed in the host tis- 
sue, but it is oriented in a direction opposite that 
of the old one. A tail has developed at the ante- 
rior end of the old host tissue where a head would 
be expected to develop if the graft were not pres- 
ent. The direction of beat of the host cilia has 
been revcrsetl. (Based on J. A. Miller) 
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may be formed in the body near this 
grafted head. If a head piece is graft- 
ed into a planaria and then the host’s 
head cut off, the grafted head may 
influence the anterior cut surface 
(which ordinarily would regenerate 
into a head) to form a tail. In other 
words, grafts of head pieces reorgan- 
ize the adjacent tissues into a whole 
worm in relation to themselves, 
drafts from tail regions do not have 
these effects but are generally ab- 
sorbed. 

The dominance of the head over 
the rest of the body is limited by dis- 
tance. If the animal grows to a suf- 
ficient length, its rear part may get beyond the range of dominance of the 
head. This happens in asexual reproduction of the planaria when the rear 
l)art starts to act as if it were “physiologically isolated” and then final- 
ly constricts off as a separate animal. A diminishing of the control of 
the head over the body is the most important factor in asexual division, 
as shown by the fact that separation of the rear part can be induced by 

cutting off the head. And converse- 
ly, if the worms are kept in a vase- 
lined dish, so that the posterior sub- 
individual cannot get a good hold on 
the substratum, the worm is pre- 
vented from dividing. 

lentil the moment when a plana- 
ria starts to constrict, there is no ex- 
ternal evidence of the physiological 
isolation of a posterior subindividu- 
al. Yet its presence can be shown ex- 
perimentally. Pieces of worms taken 
from a region just behind the phar- 
ynx usually do not develop heads. 
But shortly behind this is a zone 
that almost always produces normal 




The he>acl of this flat worm was cut repeatedly, and 
the cut edges not allowed to grow together again. 
The result is a monster with ten complete heads, 
(After Lus) 



If the head of a i)lanaria is cut down the middle, 
each half will regenerate the missing parts. (Based 
on Child) 
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heads. This is the region where the worm constricts in asexual division. 
Apparently this zone represents the developing head of the posterior sub- 
individual. In a longer worm it can be shown that there are three or even 
four subindividuals, one behind the other, and each indicated by a region 
which shows an increased ability to produce worms with normal heads. 

If the anterior end of a planaria is cut down the middle, and the two 
halves prevented from growing together again into a single head by re- 
newing the wound several times, then each half will regenerate the miss- 
ing parts and a two-headed planaria will result, 
with dominance divided equally between the two 
heads. If the cut goes far enough back, each head 
will influence the formation of its own pharynx. 

All these facts indicate that there is some sort of 
gradation in essential processes along the antero- 
posterior axis of a planaria, and we refer to this as 
the anteroposterior gradient. Similar experiments 
on hydras and hydroids have yielded similar results, 
and in these radially synimetrical animals the gra- 
dient is highest at the mouth end and decreases 
gradually toward the base, resulting in a mouth- 
base gradient. 

One of the hydroids most frequently experimented upon is 
Corymorpha, in which it is easy to demonstrate a gradient that 
is highest at the polyp end and decreases toward the base of the 



Hydroid (Corymorpha) 
with graft-induced 
polyp growing from side 
of host vStern. The side 
polyp becomes larger if 
the host polyp is removed. 
The stem of the side polyp 
grows longer the farther 
away it is from the domi- 
nant host polyp. (After 
Child) 


long stalk. If a bit of hydroid stalk is removed from one indi- 
vidual and grafted into the stalk of another individual, a new 
polyp will develop, as shown in the figure. As we might expect, 
from what we already know of planarias, a higher percentage 
of complete polyps will develop from those fragments of stalk 
that were taken from near the polyp end of the donor than from 
fragments cut from more basal regions of the donor. If the host 
polyp is removed before the fragments are grafted into the host 
stem, the percentage of complete polyps formed is greater than 
if the host polyp is allowed to remain. Apparently the host 
polyp exercises a dominance comparable with that of the head 


of the planaria. 


This gradation does not seem to be anatomical in nature, since no defi- 
nite structural difference is known to exist along the stem of a hydroid, for 
instance. Consequently, it is thought that the gradation is “physio- 
logical,” by which we mean that it arises from differences in function 



Grafting in animak has been studied extensively in fresh- water planarias because these animals have excep- 
tional powers of regeneration. By producing abnormal relationabips between the tissues of a single animal or by 
combining tissues from two different animals we learn a great deal about the development of the normal char- 
acterkiics of organisms. Studying the results of interspecies grafting is particularly easy with c^lain planarias 
not only because grafts between different ^lecies take so well but because tissues of host and graft can be dis- 
tinguished by their different patterns of pigmentation. Lefty Euplanaria dorotoeejMky in which the black pig- 
ment is distributed over the dorsal surface in smafl granules against a brownish back:groiind. The ventral sur- 
face is gray. Middky Eu'pUmaria tigrvnay whidi has dorsid surface Gaefy ^tted with yellowkii-oraiige pig- 
mented areas against a tan background. Hie ventral surface is white with gray pigmented areas. In the grafting 
experiment host and donor were placed on a tray of ice to slow down their movements. Then with a smafi knife 
a piece of the head, including the two eyes, was cut out from £. tiffrim and placed in a hole, made just behind 
the eyes, in the head of E dorotoeepkala, RighL 175 days after the operation the tissues df host and demor are 
completely fused. Hie grafted eyes lie behind those of the host The od^ eridence of any effect produced by 
the graft on the host was the growth, in the tissnes eA the host, of a smai projection on either side of tj^e grafted 
eyes. (Photos df living animak by J. A. Mffler) 


fjift, aD animai with two wf»Il-deveioped heads produced by a procedure similar to the one on the pn*<;<din|!: . 

[n this case, however, the graft did not unite on all sides with the tissues of the host but has induced the forma 
ion of a complete head, having the pointed head shape, pointed sensory' lobes, and pigmented pattern of the 
lost (Kuplanaria dorciocephaia) rather than that of the donor (FJ. tigrina), which lias a more rouridiHl head wiili 
ilunter k>l>es and a different pigm^t pattern. Second from left, a two-tailed worm obtaine<l by graft ing a head 
>iece from E. tigrina into tlie tail region of E. dorotocepheda. Ilje graft grew out as a complete head with f 
'igrina characters. It induced the formation of a pharynx in the host tail. Then the host head and pharyngeal 
■egion were removed; and the cut surface, which we might expect to regenerate a new head, produced only a 
:>hary'nx and taiL supposedly because the tissue had come under the domination of tJhe graft head. After 
ohotograph was made, the two tails fused along their inner borders. And w'hen this animal, with the double 
:x)sterior region coniaming two pharynxes, later dividt'd asexually, the new animals so produced had four < yes 
two pharynxes, and a double digestive tract . Secfmd fr<mt right, a graft was placed in the tail region and grew out 
is a head; then the posterior part of the host tore away, leaving only the graft attached to the anterior picnx 
)f the host. Right, the same w'orm, here shown greatly extended, has l>ecn fed blood to make the pharynxes stand 
nit. The posterior pharynx, which has l>een induced in host tissue by the graft, takes a direction related to tiu 
?raft head and opposite that of the original host phaiynx. (Photos of living animals by J. A. Miller i 
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rather than from differences in structure. In seeking for tlie functions 
that might be the cause of a gradation which affects all regions of the 
body, we must look to general functions rather than to 
particular ones. The most general function of the animal 
body is metabolism— the totality of the chemical processes 
involved in the building-up and breaking-down of proto- 
plasm. This anteroposterior gradient, according to one 
theory, consists in a gradation of metabolic rate along the 
body. The rate is highest in the head region and decreases 
toward the posterior end. 

Various lines of evidence have been accumulated in favor of the 
metabolic gradient theory. Direct measurements of the oxygen 
consumption of pieces cut from various levels of the body of planarias 
have shown that anterior pieces carrj^ on respiration at a faster rate 
than posterior pieces. Such experiments are not as conclusive as they 
might seem because of the changes which pieces of a co-ordinated many- 
celled animal conceivably undergo when cut from the body. If planarias 
are placed in a i)oisonous solution of sufficient concentration, they die; 
but death does not attack all parts at the same time. In these low forms 
death occurs in a regular jirogressioii, beginning at the head end and 
extending gradually backward. This is explained, on the basis of tlie 

theory, by assuming that the parts 
with the liighest metabolic rate are 
affect (‘d first and most severely by a 
poison, while less active parts are more 
slowly affected. 

If the formation of a head at 
the anterior cut end of a piece, 
and of a tail at the posterior cut 
end, depend on an anteropos- 
terior gradient in that piece, it 
should be possibh' to change 
this result by experimentally 
altering the gradient. Thus, if 
pieces are cut so short that there 
is no appreciable difference be- 
tween the anterior and posterior 
cut surfaces, such as very short 
pieces near the eyes in planari- 
as, they regenerate a head at both ends of the piece. Pieces can also be 
obtained from the posterior regions of planarias which will regenerate a 



Small pieces regenerate similar structures at both ends. 
LefU a planaria. RighU a hydra. (Based on Child) 



Degeneration in 
a poisonous solu- 
tion begins at the 
head end. (Based 
on ('hild) 
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tail at both ends. The gradient can readily be changed in coelenterates. 
Small pieces of a hydra taken from very near the mouth will grow a mouth 
and a crown of tentacles at both ends. It is possible to obliterate the gra- 
dient in pieces of hy droid stems by putting them in anesthetics for a time; 
when replaced in water, such pieces may grow out several polyps irregu- 
larly from whatever part of the piece happens to be uppermost. The po- 
larity of pieces of hydroid stems can be reversed, and a polyp made to 
grow out at the basal end of the piece by exposing this end to a better oxy- 
gen supply and decreasing the oxygen supply at the upper end. Other 
external factors have been showm to operate in the same way. 

One may inquire how gradients get started in animals. It seems that 
they must arise early in development by the action of external factors 
on protoplasm. The position of the egg in the ovary is one such external 
condition. The egg is attached by one end to the ovary and is free at the 
other end. It is known for a good many eggs that this position determines, 
or at least is correlated w ith, the polarity of the egg, that is, which end 
of the egg is to become the anterior (or the mouth end) of the future 
animal. The polarity is a property of the cytoplasmic background of the 
egg and is based u{)on a gradient, a graduated difference of some kind. 
This gradient is thought to be related to differences in rate of diffusion 
of oxygen and other substances in the attached and freely exposed ends. 
Once established, the polarity continues throughout embryonic de- 
velopment. 

It has been found that many experiments on regenerating adult flat- 
worms can be duplicated on developing eggs and embryos. By subjecting 
eggs and embryos to poisonous solutions of proper concentration and at 
the right time, the development can be greatly modified and all sorts of 
curious embryos can be obtained. In geiUTal, because such solutions act 
most severely on the parts highest in the gradient, these embryos show 
suppression of the head region and the sense organs and often have small 
heads, reduced eyes or eyes fused into one, and so on. 

Such results suggest that some kind of gradient is an important factor 
in embryonic development and furnishes an underlying pattern which 
controls the orderly development of normal form and proportion. Thus 
w^e might think of the several kinds of symmetry as resulting from dif- 
ferences in the number of gradients which act in development. In the 
truly spherical animal all radii are alike and there is no one main axis of 
differentiation, though there is some difference between the interior of 
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the cell and its exposed surface. Such an animal can show only a limited 
amount of differentiation. In an ameba all points on the surface are 
alike in that any point is capable of sending out a pseudopod, but the 
pseudopod proceeds in a defi- 
nite direction. By means of 
chemical indicators it has 
been shown that in an active- 
ly moving ameba there is a 
definite, though constantly 
changing, physiological gra- 
dient — highest at the tip of 
the leading pseudopod and 
lowest at the opposite end of 
the animal. Radial and bi- 
lateral animals have more 
piTinanent axes of differentia- 
tion. In radial types the main 
axis (also called the “polar 
axis”) is from mouth to base. 

In bilateral types there is, be- 
sides the main anteroposterior 
axis, two minor axes of differ- 
(‘iitiation. There is evidence 
for physiological gradients in 
the?se two axes, one highest in the mid-region and decreasing on the two 
sides (the mediolateral gradient), and one higher on the ventral surface 
and decreasing toward the dorsal surface (the ventrodorsal gradient). 
These two minor gradients are usually masked by the more prominent 
anteroposterior gradient. And in higher animals even the anteroposterior 
gradient is obscured by the complexity of adult structure; it can be clear- 
ly shown only In the embryo. 

T he experiments on regenerating invertebrates have helped us to 
understand and have been fruitful in suggesting experimental means 
of approach to the general problems of animal form, growth, and de- 
velopment. 



Suppression of eyes in fish as a result of inhibition 
of tlie liead by a harmful siibstuiice (in this case mag- 
nesium chlorule). A, normal indiviclual. B, fish with 
eyes close together as a result of inhibition of growth of 
median region of head. C, fish with single median eye 
due to inhibition at a very early stage in head develop- 
ment. (After Stockard) 



FREE-LIVING AND PARASITIC FLATWORMS 


I IVING at the expense of one’s neighbor is an old habit among ani- 
mals. Practically all animals harbor one or more kinds of para- 
sites, and most of these are themselves hosts to still smaller 
parasites. The total bulk of the parasites residing in one host is necessarily 
less than that of the free-living animal which provides the food and lodging 
for so many unwelcome guests. But from the standpoint of actual num- 
bers of organisms, the animal kingdom has many more parasitic than 
free-living individuals. 

Nearly every phylum has its parasitic members, and some phyla have 
more than their share. Of the three classes of flatworms which compose 
the phylum Platyhelminthes, two are exclusively parasitic and one con- 
sists mostly of free-living animals. The principles of parasitism will be 
discussed in describing the flukes and tapeworms. But the beginnings of 
parasitism are to be found in some of the free-living flatworms. 



FREE-LIVING AND PARASITIC FLATWORMS 


133 


FREE-LIVING FLATWORMS 

T he free-living flatworms are much like planarias. Externally they 
are covered with cilia, the beating of which creates in the water the 
‘‘turbulence” that suggested the name of the class, T urbellaria. The form 
of the gastrovascular cavity provides a basis for dividing turbellarians 
into several groups. 

The most primitive group consists of tiny worms which have a mouth 
but no gastrovascular cavity, and hence are called acoels (“without a 
cavity”). Food is swallowed into a solid mass of endoderm cells and there 
digested. There is no excretory system. The nervous system, which has 
several radially arranged main strands of nervous tissue and an anterior 
sense organ (consisting of a cavity containing a hard particle), is similar 
to that of ctenophores. Acoels are all marine; and because of their small 
size (usually only about inch in length), they are difficult to see as they 
swim or creep about among the rocks and seaweed along 
shores. They interest us chiefly because they represent a 
stage of complexity somewhere between 
that of ctenophores and the more highly 
developed turbellarians like the planaria. 

The rhabdocoels (“rodlike cavity”) have 
a straight, unbranched gastrovascular cav- 
ity. They are advanced in structure over 
the acoels, having a flame-cell system and 
a more highly developed nervous system. 

The worms are tiny, usually from yV 
I inch in length. They occur in fresh and 
salt water. Microstomum is a rhabdocoel 
that undergoes asexual reproduction like 
the planaria. The parts fail to separate at 
once, so that there result chains of as many 
as eight or even sixteen subindividuals, each 
Microstomum, & with its own mouth. This animal is inter- a land planarian 
rhabdocoel. esting also in that it possesses stinging (Ripo/ium) hanging 

Eight subindi- ^apsules — not of itS OWn manufacture but from a branch by a 
viduals, each \ ^ i i j. i string of mucus as 

with its own stolen from the hydras upon which it feeds, it lowers itself to 

mouth, can be The stinging capsules pass from the gastro- ground. Found 

vascular cavity of the worm through the 

von Graff) mesenchyme to the ectoderm. There they er Kew) 
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become lodged among the epithelial cells, ready 
to be used in defense. 

The group of turbellaria to which the planaria 
belongs is distinguished by a gastrovascular cav- 
ity that has three main branches, one anterior 
to the attachment of the pharynx and two pos- 
terior. They are appropriately called triclads 
(“three branched”). Besides the fresh-water forms 
there are also marine and land triclads. 

The polyclads, so-named for their many- 
branched gastrovascular cavity, are exclusively 
marine. They are very 
thin, leaflike animals — 
sometimes almost as broad 
as they are long — and are, 
in general, the largest of 
the turbellaria, some species reaching lengths up 
to 6 inches. They usually have numerous small 
eyes and often a pair of sensory tentacles which 
project from the dorsal surface near the anterior Free-swimming larva of 
end. Their larvas are free-swimming and have eight ^ (After Ung) 

ciliated lobes, which are thought by some to indicate a relationship to 
the eight ciliated rows of ctenophores, though this is very doubtful. 

UCCESSFUL parasitism requires marked adaptation of the parasite 
to its host, and this evolves slowly. We can distinguish certain 
intermediate stages in this evolution among free-living flatworms. 

Two animals of different species are often found living together in con- 
stant association. One derives benefit from the relationship while the 
other is apparently not injured. Such an association, called commensal- 
ism, is illustrated by Bdelloura, a flatworm that lives attached to the gills 
of the king crab (see chap. 23). Bdelloura is the commensal and receives 
shelter, free transportation, and nourishment in the form of tiny scraps 
from the food of the king crab, its host. 

Sometimes a commensal incidentally benefits the host, which may then 
become so dependent upon this service that it cannot get along without 
the commensal. Such an association of mutual benefit is called mutualism . 
An example of this has already been given in the case of the intestinal 
flagellates of termites (p. 47). A well-known case of mutualism is that 
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Planoceray a poly clad, has 
a many-branchetl gastrovas- 
eular cavity. 
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of Convoluta roscoffensisy a tiny marine acoel. The young 
convolutas are colorless when first hatched, but shortly 
they take on a green color as their mesenchyme becomes 
filled with small, green, plantlike flagellates. After enter- 
ing the convolutas, the flagellates lose their flagella and 
undergo other changes, but continue to carry on photo- 
synthesis, producing carbohydrates and oxygen. From the 
flatworm they receive a sheltered place in the sunlight and 
a steady supply of carbon dioxide, nitrogen, and phospho- 
rus (from the metabolic wastes of the animal) . These last are 
particularly important because nitrogen and 
phosphorus, in a form available for protein 

P . , • • . 1 BdeUonra, a tri- 

manulacture, are at a premium in the ocean, clad that lives as 

While the young convolutas feed like other a commensal 
flatworiiis, the adults do not feed and are on the gills of the 
completely dependent for their nourishment 
upon their plant guests. Experiments have shown that the 
worms live longer in the light (where the contained flagel- 
lates can carry on photosynthesis) than in the dark. Convo- 
lutas live on sandy shores between tide-levels and regularly 
migrate with the tide. As a result, the algae are exposed to sun- 
light for a maximum time. It should be addend that the rela- 
tionship between Convoluta and its algae has two different 
phases. In the early stages of the association the worms feed, 
and there is also a passage of fat from the algae to the tissues 
of the animal. In the later stages, when the worms stop feed- 
ing, they digest the algae in their tissues. This finally results 
in the death of the worms and suggests that the mutualism 
is not well balanced. 




Convoluta, an Commensalism usually evolves, not in the direction of niu- 
acoel that but toward parasitism. A commensal that at first 

xi fl. s £t f 1 ii# r k 

•spinach -green takes only shelter, and then scraps of food, finally begins to 
color from the feed on the tissues of the host body, and the host suffers a 


thousands of 
green flagel- 
lates that live 
imbedded in 


certain amount of harm. Should the parasite become so well 
adjusted that it causes little damage, and, in fact, finally 
proves to be of some service to the host, the parasitism be- 


the me sen- comes a mutualism. Thus, the three kinds of relationships are 
Ke^^e^^and different stages in the process of living-together, and it 

Gamble) is not always possible to draw a sharp line between them. 
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Mutualism and parasitism can probably arise directly from commensalism, 
but they may evolve from each other. Since mutualism requires the great- 
er number of adjustments, it is relatively rare as compared with parasitism. 

A well-adapted parasite usually lives without causing serious harm to 
jtfs host, for the success of any parasite depends upon the continued success 
/ of the host. A well-adapted parasite, already mentioned, is the trypano- 
some (p. 44), which lives in the blood of African wild game with no ap- 
parent ill effect upon the game. The fact that this same flagellate causes 
a severe illness, and finally death, when it gets into the blood of man or his 
domestic animals, is taken as an indication that the parasite has only 
relatively recently come into contact with these hosts. Neither parasite 
nor host has had time to make the proper adjustments. Some of the flat- 
worms parasitic in man are fairly well adapted — for example, the tape- 
worms. The flukes are often less so. 

FLUKES 

T he flukes (class Trematoda) differ from free-swimming flatworms 
in the loss of external cilia (in the adult) and in the development of 
a thick outer layer, the cuticle. Flukes have one or more suckers by 
which they cling to their host. One usually occurs at the anterior end 



External parasitic fluke (Acanfhocotyle) moving about on the surface of a fish, its host. It holds on 
by means of the large posterior sucker. (After Monticelli) 


surrounding the mouth, another at the posterior end or on the ventral 
surface near the middle of the body. The mouth leads through a muscular 
pharynx into a two-forked gastrovascular cavity. There is an excretory 
system of flame cells and canals. The nervous system is usually well de- 
veloped, but there are no special sense organs. In all these respects the 
flukes are relatively simple animals. 

However, when we consider the reproductive system, which occupies 
most of the animal’s interior, we find a degree of complexity seldom 
equaled and not surpassed even in the higher animals. In the posterior 
part of the body is a pair of testes, from each of which a duct leads to the 
genital pore near the second sucker. In front of the testes is a single ovary. 
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from which a long, much-coiled tube, the uterus, also leads to the genital 
pore. In. the body margins are numerous yolk glands, whose ducts con- 
nect with the uterus. The presence of the uterus is the chief difference 
from the reproductive system of planarias. In the uterus are stored the 
immense numbers of eggs found in connection with the parasitic habit. 

The lowest grade of parasitism is that practiced by the flukes which live 
as external parasites attached to the skin or to the gills of fish, feeding 



External parasitic fluke 

{(hjrodactyluii) holds on to 
its goldfish host with a large 
Slicker surrounded by hooks. 
(Modified after KUkenthal) 



Parasitic fluke i^Poly- 
utoma) in mouth cavity of 
a turtle. (Modified after 
Stunkard) 


upon the epithelial tissue or on blood. Hanging on to the outside of a fast- 
moving object is no easy matter, and these flukes frequently have an 
enormously developed sucker (or group of suckers) at the posterior end, 
besides numerous hooks. As they move about on the surface of their host, 
these flukes might stray occasionally into the cavities which communicate 
with the exterior: the mouth, the nasal passages, and the urinary bladder. 
Thus, it is not surprising to find that many aquatic vertebrates regularly 
harbor parasitic flukes which have become adapted to live in these cavi- 
ties, where the danger of being swept off is very much less. The flukes 
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living on the skin and gills and those inhabiting cavities which communi- 
cate fpeely with the exterior have simple life-histories, like those of the 
free-living flatworms. 

The flukes which live as internal parasites, imbedded in the tissues or 
clinging to the lining of cavities far from the surface, have little trouble 
holding on securely; their hooks or suckers are not as elaborate as those of 
external parasites* But the problem of getting their offspring established) 
in a new host is a much more difficult one. It has been solved by an in- 
crease in the number, of potential offspring 
and by the development of complex life- 
histories. All the flukes which parasitize 
man are internal. 

^ The most important of these are the 
blood flukes or schistosomas, elongated 
and slender flukes which differ from most 
in that they are not hermaphroditic but 
occur as separate males and females. The 
sides of the male fold over to form a groove 
in which the longer and more slender fe- 
male is held^’^In Schisiomma japonicuruy 
the species which we shall consider, the 
worms live in the blood vessels of the in- 
testine, clinging to the walls of the vessels 
by means of suckers and feeding on blood. 
The female lays her eggs in the small 
Human blood fluke {SchisioHoma blood vessels of the intestine wall, close to 
japonic,,.). (Mclified after Loosa) intestine. As the blood 

vessels of the host become congested with eggs, the walls of the vessels rup- 
ture, the intestinal epithelium breaks, and the eggs are discharged into the 
cavity of the intestine. From there the microscopic eggs are carried out in 
the feces. If the feces were removed by a modern sewage system or depos- 
ited in a dry place, that would be the end of the young schistosomas. But in 
China and Japan, where this parasite flourishes, human feces are used to fer- 
tilize the soil, and for that purpose are conserved in reservoirs on the banks 
of canals or irrigation ditches. \This provides the eggs with ready access to 
r- water, where they hatch. A ciliated larva, the miracidium, emerges and 
\ swims about. If the miracidium does not encounter a snail of a certain 
ycind, it perishes after about twenty-four hours. If it comes into contact 
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with the right kind of snail, it burrows into the soft 'body of the snail 
and feeds on the tissues. Meanwhile, the cilia are lost and the miracidium 
is transformed into a sacr"caired a sporocyst, which produces asexual 
buds internally. These buds, called tercaffas, resemble the adults in 
several ways. They have two suckers, a forked digestive tube, and an 
excretory system with flame cells, but differ in possessing tails. They 
make their way out of the snail and swim about near the surface of the 
water, where they come into contact with the skin of a man who is 
bathing or wading. Millions of Chinese and Japanese are infected during 
the planting of rice, as they stand barelegged in the shallow water of the 
rice fields; the diagram which heads the chapter shows the principal stages 
in the life-history and the method of infection in man. The cercaria at- 
taches itself to the skin and (by means of glands) digests its way through 
the skin into a blood vessel. It is carried in the blood stream to the bloo<l 
vessels of the intestine. There the young fluke feeds and growls into an 
adult worm, finally mating with another that entered at the same time or 
with one already established from a previous infection^^ 

The presence of schistosomas in man cauvses a disease (scliistosomiasis) characterized 
by body pains, a rash, and a cougli in the early stages, severe dysentery and anemia later 
on. Victims may live for many years hut gradually become weak and emaciated and 
eventually many die of exhaustion or succumb to other diseases because of their weakened 
condition. 

Control measures for schistosomiasis might reasonably begin with sanitary disposal of 
human feces. This is not practicable in the orient, however, for the use of human feces 
as fertilizer is an imjx»rtant part of the economy of the people. It has made possible in- 
tensive cultivation of the same soil for thousands of years (whereas in the United States 
we sometimes deplete the nitrogen content of the soil in two or three generations). In 
Japan, where infection is restricted to small areas, it has been possible to kill the snails 
with chemicals. In China, where infection involves vast areas in the Yangtze Valley, it 
is better to educate the farmers to conserve the feces for a few weeks before using it in 
the fields, so that the young schistosomas within their protective egg membranes will have 
died. 

Other species of blood flukes infect peoples in the northeastern part of South America, 
certain places in western Asia, and a large part of Africa. In Egypt the commonest blood 
fluke lives in the blood vessels of the urinary tract; the eggs are extruded into the bladder 
and then come out in the urine. The life-history involves a snail. Infection occurs during 
bathing or from drinking water containing cercarias. The disease is spreading, owing to 
increasing use ofdrrigation in farming. It has been estimated that about three-fourths of 
the population is infected, and one parasitologist has said that Egypt will never be a 
country of consequence until there is better control of the flukes that are now draining 
the energy of the people. 
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W HEN a parasite lives for part of its life-cycle in one kind of animal 
and spends another part of its life-cycle in another kind of animal, 
the host that harbors the sexually mature form is said to be the final host, 
and the one that harbors the young stages is called the intermediate host. 
In the case of Schistosoma japonwum, man is the final host, and a certain 
species of snail is the intermediate host. 



Life-cycle of the Chinese liver fluke (Ckmorchia) . (Based on Faust) 


L 


A similar type of life-history is shown by the large liver fluke, Fasciola 
which inh abits the b ile passages of the li ver in cat t1<» anA ahwp 
anuinfljcts severe, often fatal damag:ejp-with important economic conse- 
quences for stocK-TFaisersr'Thstead*^ Doring directly into the final host, 
after leaving the snail, the cercarias of this fluke encyst on grasses and 
other vegetation and are eaten by the final host. 

A liver fluke that lives in man and illustrates a life-cycle involving tivo 
intermediate hosts is the Chinese liver fluke, Clonorchis sinensis, of China, 
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Japan, and Korea. The adult is about a half-inch long and has two 
suckers, one at the anterior end and one a short distance behind this. 
The cuticle is thick and highly resistant to digestive fluids, ^he fluke is 
hermaphroditic, and the fertilized eggs pass from the liver into the in- 
testine and out with the feces. If the feces get into water, as they com- 
monly do, the eggs do not hatch into free-swimming miracidia, as in most 



Typical stages in the life-cycle of liver flukes. The adult is usually ^-1 inch long; the other 
stages are microscopic. (Modified after Faust) 


flukes, but are eaten by snails. Within the digestive tract of the snail the 
egg opens, and the miracidium emerges and makes its way through the 
wall of the digestive tract into the tissues of the snail. There it be- 
comes transformed into a sporocyst, which produces, instead of cercarias, 
another asexual form, the redia. The development of redias further in- 
creases the number of young forms, for each redia subsequently produces 
many cercarias, which escape from the snail and swim about. The cer- 
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carias encyst, not on grass like those of the sheep fluke, but in the muscles 
of a fish, which thus serves as the second intermediate host. They burrow 
through the skin of the fish, lose their tails, and secrete about themselves 
protective capsules. The fish responds by forming an outer capsule around 
each one produced by a parasite. There they remain until the fish is eaten 
by the final host, man. In the human stomach the cysts are digested out 
of the flesh, and in the intestine the capsule is weakened and the young 
fluke emerges. It makes its way up the bile duct and into the smaller bile 
passages of the liver, where it attaches by its suckers and feeds on blood. 
These flukes may persist for many years, causing serious anemia and dis- 
ease of the liver from blocking of the bile passages. 

In this case control should be a relatively simple matter, for it is only necessary to 
cook fresh-water fish thoroughly to destroy the encysted cercarias. Yet in certain regions 
in the south of China from 7o to 100 per cent of the natives are infected. Not only do 
they like to eat raw fish, but, unfortunately, the cost of the fuel necessary to cook the 
fish is an economic problem. 

AS THEY become better adapted, parasites usually lose active means 
/^XjL of transportation and depend upon more or less passive transfer 
to new hosts. In the flukes and other parasites passive transfer is fre- 
quently achieved through the food habits of the host. Thus the sheep liver 
fluke is rare in man because man does not usually eat grass, though he 
sometimes becomes infected by eating water cress upon which cercarias 
have encysted. He frequently gets the Chinese liver fluke, however, be- 
cause in some places he habitually eats fresh-water fish containing en- 
cysted cercarias. Having once smuggled themselves into a host, the 
“problem” of an internal parasite (not of the individual animal, but of the 
species) is how to get the offspring into new hosts. The easiest way of 
leaving a host is with the outgoing feces, just as the easiest way of 
entering is by way of the mouth. But passive modes of transfer are very 
hazardous. The chance of having the eggs or the larvas eaten by the 
right kind of host at the proper stage in the life cycle is very small. Only 
parasites which produce enormous numbers of potential young can sur- 
vive this kind of life-cycle. It is not surprising, therefore, that most para- 
( ^ites seem to live only to reproduce, the reproductive organs occupying 
*inost of the animal’s body. 

The chance that an egg will reach a suitable spot for hatching is remote, 
and the probability that the miracidium will find a snail within a short 
time (the time being limited by the small amount of energy available in 
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the food stored within the egg) is even more remote. But if even a single 
miracidium manages to enter a snail, it can multiply within its intermediate 
host by asexual means and so compensate for the enormous loss of po- 
tential individuals by the random distribution of the eggs. It has been 
estimated that a single miracidium will give rise, through several genera- 
tions of sporocysts and redias, to as many as ten thousand cercarias. Of 
all these, only a few will reach new final hosts. 

P ARASITISM often results in weakness or disease of the host, but the 
effects of parasitism on the parasite are even more marked. The 
parasite retains the general plan of organization of its phylum, but it be- 
comes so completely adapted to its peculiar environment that it usually 
loses many of the structures characteristic of its free-living relatives. In 
adult flukes we saw a loss of external cilia and of sense organs, structures 
reflated to locomotion. In even more highly adapted parasites, like the 
tapeworms, there is a loss of still more structures. 

TAPEWORMS 

T he tapeworms (class Cestoda) are usually long, flat, ribbon-like 
animals, some species of which live as adults in the intestine of prob- 
al)ly every species of vertebrate. 

The most common tapeworm of man is the so-called “beef tapeworm” 
{Taenia saginata). It maintains its place in the intestine, despite the con- 
stant flow of materials, by means of four suckers on the minute knoblike 
head (or scolex). Behind the head is a short neck or growing region, from 
which a series of body sections (proglottids) are constantly budded off. 
The sections closest to the neck are the youngest ones; those farthest away, 
the most mature. Thus the body widens gradually along its length, and 
the sections are in all stages of development. 

The body is covered externally by a protective cuticle, as in flukes; and 
there is no ectodermal epithelium. (After secreting the cuticle the ecto- 
derm cells sink into the mesenchyme.) Unlike the flukes, which feed 
actively on the tissues of their host and do their own digesting, tapeworms 
have no mouth and no trace of a digestive system. They live in the intes- 
tine of their host, where digested food is readily available; there they 
simply “soak up” their nourishment — truly the laziest way of living. 

Beneath the cuticle are longitudinal and circular muscles. The nervous 
system is like that of turbellarians and flukes, but less well develop>ed. 
From a small concentration of nervous tissue in the head two longitudinal 
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nerve cords run backward through the body. Between the nerve cords, 
and parallel with them, run two longitudinal excretory canals, connected 
with each other by a crosswise canal near the posterior border of each 
body section. The smaller branches of the excretory system end in flame 
cells. 

The reproductive system lies imbedded in the mesenchyme and is so 
highly developed in mature sections that the tapeworm is sometimes de- 



scribed as nothing but a bag of reproductive organs, a complete set of 
which, both male and female, develop at some time in every section. The 
male sex organs start to grow first. They consist of numerous small testes , 
scattered throughout the mesenchyme and connected by many fine 
tubes with a single large convoluted sperm duct, the end of which is 
modified as a muscular organ, the penis, for the transfer of sperms. The 
sperm duct opens into the genital chamber, which connects with the out- 
side through a genital pore. Running parallel with the sperm duct and 
also opening into the genital chamber is the vagina, a female duct which 




Life-cycl6 of beef tapeworm {Tamia sagimfa). All stages are shown about natural size, except 
the six<^hooked embryo which is microscofuc. 
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I receives sperms. Self-fertilization can occur within the same segment, or 
cross-fertilization can take place between the segments of different worms 
when two or more are present in the same host. But the most common 
method is transfer of sperms from one section of the worm^o a more ma- 
ture section farther down the length of the same worm. '?nis is possible 
when the animal is folded back on itself for part of its length. As the sec- 
tion matures, the male sex organs degenerate while the female sex organs 
develop. Eggs are produced in a pair of ovaries and pass into the oviduct. 
There they are fertilized by sperms that have entered through the vagina 
and have been stored in an enlarged portion of its inner end. 

The fertilized eggs are combined with yolk cells from the yolk gland 
and are then covered with a shell secreted by the shell gland. The com- 
pleted eggs pass forward into the uterus, which at first is a single sac 
(as shown in the diagram) but later develops numerous branches. Eventu- 
ally all the female organs degenerate except the uterus, which becomes 
enormously distended with eggs that are already undergoing development 
into embryos. At this stage the "‘ripe” sections, each containing many 
thousands of young embryos, detach from the worm and pass out with 
the feces. 

Transfer to a new final host is entirely passive and involves the eating 
habits of man and cow. The cow eats vegetation on which human feces 
have been deposited. In the intestine of the cow the eggshell is digested 
off. The embryo, which is armed with six sharp hooks, bores its way 
through the wall of the intestine and into a blood vessel. In the blood 
stream the six-hooked embryo is carried to a muscle. There it remains 
and grows into a sac or bladder, from the inner wall of which is developed 
the inverted head of the future tapeworm. When man eats raw or “rare” 
beef, the inclosed bladder is digested off; the head everts and attaches 
to the intestinal wall by means of its suckers. Nourished by an abundant 
food supply, it soon grows a long body and produces eggs. 

The bladders of the beef tapeworm occur most frequently in the jaw muscles and in the 
muscles of the heart; these are the parts of the cow usually examined by meat inspectors. 
The bladders are almost half an inch long but can readily be overlooked. Meat inspection 
in Western countries and in the United States has greatly reduced the occurrence of this 
once common parasite. But there are still many cases, and it is best to avoid eating beef 
that is not cooked thoroughly. In parts of Africa where sanitation is poor, and in Tibet, 
where beef is prepared by broiling large pieces over an open fire, a large proportion 
of the population is infected. Among the Hindus of India, who consider the cow sacred 
and have religious restrictions against eating beef, to be caught with a beef tapeworm 
would undoubtedly prove embarrassing. 
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Pork tapeworm (Taenia fioHum). A, six-liooked embryo. B, bladder worm. C| bead of adult show- 
ing suckers and hooks. (After various sources) 

Likewise, the pork tapeworm (Taenia solium) is rare among Jews and Mohammedans, 
who avoid the meat of the hog, and very common in parts of Europe, where pork is eaten 
without thorough cooking. Meat inspection has made it uncommon in the United States. 
The pork tapeworm resembles the beef tapeworm closely and has a similar life-hLstory, 
except that the bladders develop in pigs. It is especially dangerous, however, because 
self-infection with the embryos can occur, and the bladderworms then develop in man. 
If these settle in the muscles, no great harm results. Sometimes, however, they lodge and 
grow in the eyeball, interfering with vision. Certain cases of insanity or epilepsy are really 
due to bladderworms in the brain. 

A very thin person is freciucntly accu.sed by his friends of harboring a tapeworm, and 
it is true that infected individuals are sometimes emaciated. The anemia and the nervous 
disorders that sometimes occur are not due as much to loss of food as to the poisonous 
substances given off by the parasite. Also, the mere bulk of the worm, especially when 
folded back on ibself many times, may block the intestine and produce serious temporary 
illness. 

The presence of a tapeworm can be detected by the appearance in the feces of the 
white, rijie sections loaded with embryos. The only way to get rid of the parasite is to 
take by mouth some drug which kills the head and causes it to detach from the intestinal 
wall, whereupon the whole worm is evacuated with the feces. 

Many tapeworms have more than one intermediate host. The “broad 
fish tapeworm” {Diphyllobothrium laium), which may be f inch wide and 
60 feet long, is the largest and the most injurious tapeworm that lives in 
man. The life-history requires that the eggs reach water, that the larvas 
which hatch are eaten by copepods (small crustaceans), and that the 
copepods are eaten by fish. Man gets the parasite when he eats raw or 
imperfectly cooked fish. 

The fish tapeworm occurs in many places all over the world and has l>een known for 
centuries in the Baltic region of Europe, where in some localities nearly all of the people 
are infected. In relatively recent years Baltic immigrants to our Great Lakes region have 
brought these tapeworms with them and have established them by infecting the fish in 
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the lakes of Minnesota, northern Michigan, and Canada. Since these lakes supply millions 
of pounds of fresh fish to other parts of the country, and since visitors to the region carry 
tapeworms home to their own localities, this parasite is spreading in the United States. 
Pikes and pickerels are the fish most commonly infected with the bladderworms, but 
others may be as well. Those who eat fish from these regions should never taste the raw 
fish during the preparation and should be careful to cook the fish very thoroughly; smoked 
fish may not be safe. 

Sometimes man is the intermediate host for a tapeworm that lives its 
adult life in some other mammal. Echinococcus granulosus is a minute 
tapeworm (with only three or four sections) that lives as an adult in the 



Man is the intermediate host for Echinococcus. A, adult, i to ^ inch long, livcvs in the dog. Bf 
cyst from liver of man. (Modified after Leuckart) 

intestine of the dog and occurs only as a larva in man. In spite of the small 
size of the adult, the larva is enormous. Human infection results from 
drinking contaminated water or from allowing dogs to lick the face and 
hands. Because of the unclean habits of dogs their tongues are likely to 
carry tapeworm eggs. The young larva develops into a hollow bladder. 
From the inner walls of this grow smaller bladders, and within each of 
these are produced numerous heads. The whole structure is known as a 
^‘hydatid cyst’^ and may grow to the size of an orange or even larger. 
When such a cyst develops in the brain, the results are extremely serious. 
Some cases of epilepsy are due to hydatid cysts. From the ^‘point of 
view’^ of the parasite, development of the cysts in man is unfortunate 
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because man is rarely eaten by dogs, and the cysts cannot reach their 
final host. The most common intermediate hosts are sheep and cattle. 
The parasite is common in the great cattle- and sheep-raising regions of 
the world, of which the United States is one. 

N O ONE has ever seen a free-living animal evolve into a parasite. But 
there are so many animals that lead lives which are transitional be- 
tween these two extremes that we feel fairly safe in hazarding the guess 
that parasitism starts as a harmless association or commensalism in 
which one animal takes shelter in the home of, or on the body of, another. 
Next, the commensal takes small scraps of the food of its host. When it 
begins to feed on the tissues of the host, the commensal becomes a para- 
site. External parasites are little changed from their free-living relatives 
except for the development of hooks or suckers for holding on. Internal 
parasites usually show marked structural adaptations to their special en- 
vironment. The nervous and muscular systems, so important for an 
active free-living life, may become degenerate. Many highly adapted 
parasites lose the free-swimming young stages and depend entirely upon 
passive transfer from host to host. In some intestinal parasites digestive 
organs are reduced and in others are lost altogether. On the other hand, 
the reproductive system of parasites is so highly developed that most of 
the energy of these animals is directed toward one main activity — the 
production of tremendous numbers of eggs to offset the losses incurred in 
the hazardous transfer from one host to another. Asexual reproduction 
within the body of an intermediate host is another method for increasing 
the number of young forms, and therefore the chance that a reasonable 
number will reach the final host. 

The young stages of many parasites live imbedded in such tissues as 
liver, muscle, brain, etc. But the adult, which produces the eggs, must 
live in or near some cavity which has direct access to the outside. The 
digestive cavity is the one most frequently occupied, since the digestive 
tract is the easiest and consequently the most popular highway for the 
entrance and exit of parasites, particularly for those that depend upon 
passive transfer. 

The relation of a parasite to its host requires not only marked adapta- 
tion on the part of the parasite but often also an adjustment on the part 
of the host. The host may secrete a capsule about the larva imbedded in 
its muscles; this helps to confine the activities of the larva. Or the host 
may develop an immunity to the toxic substances given off by the adult. 
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The 'parasite-host relationship is usually specific. Some parasites can 
live in a variety of closely related hosts, but most can develop in only one 
particular species. Some can grow in species other than their normal 
hosts; but when they do so, there is a lack of mutual adjustment and the 
host or parasite may suffer unduly. 

There is a tendency among most people to look upon parasitism as an 
aberrant way of life and upon parasites as being somehow “immoral” or 
at least less “respectable” than their free-living relatives. But since there 
are more parasites than free-living individuals, a parasitic existence 
must be considered a “normal” way of life. Who can say that the para- 
site, the very existence of which depends upon doing as little harm as 
possible to its host, is a less “considerate” creature than the voracious 
carnivore, which kills its victim outright? 



A polyclad (Psetidoceros), pale yellow with black stripes, found on rocks or on colonies of tunicates upon whicl 
it feeds. About 1 inch long. The head, to the left, bears sensory pn>jectkms. (Photo of living animal. Bermuda' 



A fresh*water triclad (Enplanaria} fed a dye to make A common polyclad of our West Coast Ls this ex 
the branches of the gastrovascular cavity stand out. Ac- tr«jmely flattened leaflike worm. The tiny dots o 
tual size of worm, } inch. (Photo of stained prejiaration) the head are the numerous eyespots. Actual size c 

worm inch. (Photo of stained preparation) 
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Chinese liver fluke {Clomirchu showing 

the two-branehcnl gaslrovascular cavity, and sex or- 
gans. Actual size, I inch. (Photo of stained prepara-.. 
tion, courtesj" Gen. Biol. Siip})!y House) 


Sheep liver fluke (Fa^tciola hepaliva) stained U> sh()w 
the highly branched gastrt)va,seular cavity. Actual size 
i inch (Photo courtesy Gen. Biol. Supply House) 
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Diagnosis of fluke infection is made by examining the exerrta for 
eggs, fjrft egg of a liver fluke; riff/if. egg of blood fluke {Sekistosoma 
nummvi). (Photo courtes^^ Gen. Biol, Supply House) 


Cercaria showing ta.il and ventral 
sucker. The species is unknown. (Pho 
to of stained preparation) 



1. Head of tapeworm {Tmnia tterraia) froiu a 
showing suckers, hooks, and young scclHjris which dc 
velop in region Ix'hiiid head. Actual size <»f hea<i }(, incii 
in diameter. 



ik A mature section showing both sets of sex org;uis 
well developed. I'o identify the organs see the diagram 
of a typical section in the text . 


An immature section with male organs do 
vclojK-d. "J'hc feinah‘ organs arc only U?ginning l( 
appear 



4 A ripe section is not much more than a sac cor 
taining the enormously enlarge<l uterus filled wit 
eggs. Actual width i inch. (I’hotoa of staiue 
pref>anitions. Omrtesy (icn. Biol, Su[)ply Hovis« 
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ben convulsions set in every half-hour. The brain (shown here /T 1 ^fore her death, 



CHAPTER 14 



ONE-WAY TRAFFIC-PROBOSCIS WORMS 


T he proboscis worms are common along seashores under stones and 
among seaweeds; a few live in fresh water or damp soil. Their 
elongated flattened bodies range in length from less than an inch to 
many feet, and they are often colored a vivid red, orange, or green, with 
contrasting patterns of stripes and bars. Their most distinctive character 
is the proboscis, a long, muscular tube which can be thrown out to grasp 
prey. The aim of the proboscis is said to be “unerring/' and this is the 
meaning of NEMERTEA, the name of the phylum to which these worms 
belong. 

Like planarias, they are bilaterally symmetrical. The anterior end is 
more or less marked off as a head and bears numerous simple eyes and. 
specialized sensory cells. The proboscis worms are not a very large group; 
they are not usually seen by visitors to the seacoast, nor do they have 
special economic or medical importance. They are described here because 
they are the lowest animals to possess two important advances in con- 
struction over the flat worms. These structural improvements are present 
in all higher animals and are, apparently, essential to any increase in 
complexity over the flatworm plan. 

First is an increased eflSiciency of the digestive system. The mouth is 
near the anterior end and opens into a long, straight intestine having 
short side branches. This intestine extends the length of the body and 
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at the posterior end communicates with the exterior through an opening 
called the anus. This is the first phylum of animals encountered in which 
all of the members have a digestive tract with two separate openings, one 
at the anterior end exclusively for taking in food, and the other at the 
posterior end for the exit of indigestible materials. This “one-way traffic” 
has great advantages over the general “traffic jam” in which the food finds 
itself in the gastrovascular cavity in coelenterates and flatworms, where 
the newly ingested food becomes mixed with partly digested food and 
indigestible residues. In a gastrovascular cavity the lining cells must be 
both digestive and absorptive. The whole system is inefficient and an 
obstacle to differentiation of the digestive epithelium. In a one-way sys- 
tem the food passes along a digestive tract which can be differentiated 
into various parts or organs with specialized functions: one region for 
food intake, another for digestion, still another for absorption, and so on 



Diagram of the digestive system of a nemertean. 


until the end, the anus, which is for elimination. All animals above flat- 
worms have an anus, which makes possible a continuous digestive canal 
through which food passes in only one general direction. 

The proboscis of nemerteans, which is often as long as the body, lies inside a muscular 
sheath just above the digestive tract. When a likely victim approaches, such as a nereis 
(an annelid worm), the proboscis is extended quickly, wraps around the prey, and en- 
tangles it with the aid of a sticky mucous secretion. In some nemerteans the proboscis 
bears a sharp stylet which pierces the body of the prey and makes a wound into which is 
poured a poison from glands in the proboscis. The proboscis is fastened to its sheath near 
the anterior end and is turned inside out when protruded. It is drawn back by a retractor 
muscle attached to its posterior end. 

The second important structural advance pioneered by the nemerteans 
is a new system, the circulatory system, which takes over the circulatory 
function of the old gastrovascular cavity. This makes it possible for the 
intestine to become more efficient in digestion, and leaves the distribution 
of food and oxygen and other substances to a system more fit for the job. 
The circulatory system of nemerteans consists of three lengthwise muscu- 
lar tubes, the blood vessels. These lie in the mesenchyme, one on each 
side of, and one just above the intestine, and connect with each other 
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by transverse vessels. They contain a fluid, the blood, which is generally 
colorless and contains cells. In some species the, cells are red from the 
same substance (hemoglobin) that colors human blood red. Hemoglobin 



PROBOSCIS EXTENDED 


Diagram of t he anterior end of a neinertean showing proboscis withdrawn and extendeil. When the 
stylet is lost, it is replaced from a sac of extra stylets in the tip of the proboscis. (Based on (’oe) 



Diagram of the circulatory system of a nemertean. 


combines readily with oxygen, making the blood more efficient as an oxy- 
gen-carrier. It is most characteristic of vertebrates but occurs in many 
groups of invertebrates, of which the lowest are the nemerteans. The cir- 
culation of nemerteans is primitive in several important respects. There 
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is no special pumping organ or heart to circulate the blood and so move 
materials from one end of the animal to the other; this is done only by 
the general movements of the body. Also, the blood vessels are not finely 
branched; therefore materials must move longer distances to and from 
cells by the slow process of diffusion. Like most structures when they first 
arise, the circulatory system of nemerteans lacks specialization and does not 
do as good a job as the more complex circulatory systems of higher groups. 

The general body construction of nemerteans, aside from the two new features de- 
scribed above, is very similar to that of a planaria and includes all of the same organ- 
systems. The animal is covered completely wdth a ciliated epithelium which contains 


proboscis 


mesenchyme 


nerve cord. 


ovary 



drcuUr muscles' 'bloodvessel 

longitudinal muscles 7 . 

^ intestine 

General body structure of a nemertean shown in cross-section. (Based on W. R. Coe) 


many gland cells. Under the epithelium are thick muscular layers, circular and longi- 
tudinal, by which the highly contractile animal can execute agile movements of all sorts. 
The digestive tract consists of an epithelium. Some muscle cells are usually associated 
with it, but food is moved along chiefly by means of muscular contractions in the body 
wall which pass down the animal from front to rear and force the food along as they press 
on the intestine. These muscular waves also assist the flow of blood. Between the gut and 
the body wall there is a thick layer of mesenchyme cells. Imbedded in the mesenchyme 
is the circulatory system, already described, and also the excretory system, consisting of 
a pair of lateral canals with side branches ending in flame cells. Wastes are removed from 
the mesenchyme and from the blood and pass into the canals, which open on the surface 
by pores. The nervous system is similar to that of flatworms, but the brain is more massive 
and forms a ring around the digestive tract; longitudinal nerve cords run the length of 
the worm on each side. 
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The eggs and sperms are produced in little sacs which lie in the mesenchyme between 
the branches of the intestine. Each opens directly to the outside through its own pore on 
the surface. There is none of the complicated sexual apparatus seen in flatworms, the sex 
cells being simply shed to the outside, and in this respect the iicmerteans are less spe- 



PHidium larva. (Based on C. Wilson) 


cialized than the flatworms. In marine iiemerteans there is a ciliated larva shaped like 
a helmet with earlaps and known as the pilidium larva. It has a ventral mouth but no 
anus, and at the end opposite the mouth is a sense organ topped by a tuft of long, stiff 
flagella. These features suggest that the nemerteans probably arose from an ancestral 
stock related to the flatworms and ctenophores. The pilidium is similar to the trochophore 
larva of several of the higher phyla. By a scries of rather complicated changes the pilidium 
larva develops into the adult worm. 



CHAPTER 15 



ROUNDWORMS 

M ost people are host at some time or other to the cylindrical 
white worms called “roundworms/’ Of the fifty different 
species of roundworms that have been found in man, only 
about a dozen are common parasites. Of these, some are harmless and do 
not even make their presence known, while others cause mild or very 
serious diseases. 

Many roundworms look like animated bits of fine sewing-thread; and 
from the Greek word for thread, “nema,” has been derived the technical 
name of the group, phylum NEMATODA. 

This is by no means a small or obscure phylum. Nematodes are so 
abundant that a spadeful of garden soil teems with millions of them. 
When we see a sick dog, our first guess is that he has more roundworms 
than he can stand. And even in the best-regulated cities roundworms oc- 
cur in the drinking-water. The widespread occurrence of this group in- 
spired a leading student of the nematodes to write: 

If all the matter in the universe except the nematodes were swept away, our world 
would still be dimly recognizable, and if, as disembodied spirits, we could then investigate 
it, we should find its mountains, hills, vales, rivers, lakes, and oceans represented by a 
film of nematodes. The location of towns would be decipherable, since for every massing 
of human beings there would be a corresponding massing of certain nematodes. Trees 
would still stand in ghostly rows representing our streets and highways. The location of the 
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various plants and animals would 
still be decipherable, and, had we 
sufficient knowledge, in many cases 
even their species could be deter- 
mined by an examination of their 
erstwhile nematode parasites. 

Some roundworms occupy 
very specific niches. One spe- 
cies occurs practically only in 
the appendix of man. Anoth- 
er has never been found any- 
where except on the felt mats 
on which Germans set their 
mugs of beer. However, the 
group as a whole lives any- 
where that other animals can 
live. Any collection of earth or 
of aquatic debris from an 
ocean, a lake, a pond, or a 
stream, if examined with a 
lens, will reveal the tiny white 
worms thrashing about in a 
way so characteristic of roundworms that it immediately identifies them. 

Nematodes are so remarkably alike that a description of an ascaris 
roughly fits almost any other roundworm. The elongated cylindrical body 
is pointed at both ends. Curiously enough, it is entirely devoid of cilia, 
outside and in. The body is covered with a thick, tough cuticle secreted 
by the underlying ectoderm, which has many nuclei but is lacking in cell 
walls and is called, therefore, a syncytium. Under this is a longitudinal 
muscle layer, divided up into four lengthwise bands by four projections 
of the syncytium. These bands can be seen on the outside as light 
lines — a dorsal, a ventral, and the slightly more prominent right and 
left lateral lines. The muscles are primitive and consist of large length- 
wise cells with bulblike cytoplasmic expansions which project into the 
interior. The stiff cuticle and the lack of circular muscle fibers permit 
bendings of the body in only the dorso ventral plane; and as a result, 
nematodes move in a very erratic and apparently inefficient manner by 
simply thrashing about. When the worms are free in the water, the whip- 
like contortions of the body do not result in locomotion; but when they 



Nematodes parasitic in plants cause untold damage. 
As small larvas, they enter through the breathing pores 
of the leaves. They suck up the cell sap, causing a wilting 
and withering of the leaves, stunting the plant, and some- 
times inducing the growth of galls. The worms shown here 
(Aphelechus) are in a section of the leaf of a dahlia. They 
have already injured the cells to the left. (After H. Weber) 
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are in the soil, in the contents of the intestine, or in the tissues of the 
body, the solid particles afford friction and the worms manage to move 
along fairly well. 

The mouth is at the anterior tip, encircled by sense organs in the 
form of protuberances, and leads into a short muscular pharynx by 
means of which the worm sucks in food. The intestine is made up of only 
one layer of cells and opens through the anus near the posterior tip. In 
parasitic forms which live constantly bathed by the digested food of the 
host the intestine has no digestive gland cells. 

Between the intestine and the muscular layer there is a fluid-filled space formed by 
the coalescing of vacuoles in a syncytial mesenchyme. The fluid in this space, propelled 
by the movements of the body, aids in distributing food and oxygen. In higher animals 
this space develops in a different way, with the result that it is completely lined by 
mesodermal epithelium and becomes a new cavity called the ‘‘coelom.” 



Cross-section of a female Ascarls. 
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The nervous system consilife of a ring of nervous tissue, around the 
pharynx, from which longitudinal trunks run backward. The principal 
trunks are dorsal and ventral, and run in the dorsal and ventral thick- 
enings of the ectoderm. The lateral line, a thickening on each side, 
contains a canal which is probably excretory, although there are no flame 
cells, as in flatworms. The two canals unite near the anterior end to 
form a single tube, which opens ventrally by an excretory pore. 

The reproductive system lies in the space between the intestine and 
the muscle layer. The sexes are separate, and the males are usually 



The sperm of 
Ascaris is aiTie< 


smaller than the females. The reproductive system of each 
sex consists of a long tube — single in the male, paired in the 
female — which coils back and forth in the body space. The 
two ovaries are long slender tubes which gradually widen in- 
to oviducts and finally into large tubes, the uteruses, where 
the eggs accumulate. The two uteruses unite into one short 
duct, the vagina, which leads to the female genital pore, 
situated in the anterior part of the worm on the ventral side. 


boid rather than Xhe testis consists of a loiig coiled tube in which the 
m^fan^ak^^ spemis are formed. It gradually enlarges into a sperm 
duct, which opens near the posterior end. The sperms 


are transferred to the female with the aid of a pair of horny bristles. 


O F THE parasitic nematodes, one of the largest is Ascaris lumbri- 
coides^ which inhabits the human intestine. The adult is generally 


several inches to more than a foot in length. The males 
are smaller than the females and can be distinguished 
readily by their curved posterior ends. The oval eggs 
are easily recognized, in microscopic examination, by 
their warty shells. Two hundred thousand may be 
laid daily by each female. They pass to the exterior 
in the feces, are deposited on the ground, and there de- 
velop inside their shells into little worms which are in- 
fective to man when the eggs are swallowed. With so 
many eggs it would seem that everybody would be 
infected; but hazards occur which are fatal to the 
developing worm, such as drying, temperatures that 
are too low (below 60° F.) or too high (above body 



The egg of Ascaris 

has a shell so resistant 
that the embryo may 
continue to develop for 
a time when placed in 
concentrated solutions 
of poisonous chemicals. 


temperature), or sanitary laws and habits of men. On hatching, the little 


worms do not remain in the intestine but take a sort of “tour” through 
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the body. They burrow through the intestine into the blood vessels and 
are then carried about to various organs, but take hold only in the lungs. 
They bore through the lung tissue into the bronchial (air) tubes, ascend 
into the mouth, and are then swallowed back into the stomach, whence 
they pass again into the intestine. There they remain, growing rapidly 
to adult size and feeding upon the digested food of their host. They resist 
digestion themselves by secreting a substance which counteracts the ac- 
tion of the host’s enzymes, but if the worms die they are digested by 
their host. 

The greatest damage to the host is done during the migrations of the young; the adult 
worms in the intestine seem to be relatively harmless unless they occur in large numbers. 
Up to five thousand worms have been found in one host, but even a hundred worms may 
block the intestine completely and cause the death of the host. Sometimes they wander 
about the body into the liver, the appendix, the stomach, and even up the esophagus and 
out through the nose, to the horror of the surprised host. 

Infection occurs chiefly among people with bad sanitary habits, though it may be 
obtained in the best establishments from eating inadequately washed fresh salad vege- 
tables grown in soil contaminated with human feces. The worms are common in our 
southeastern states, where the children, particularly, are likely to deposit their feces in 
die yard adjoining the house. The eggs are spread around by pigs, by the family dog, or 
by the children themselves, who finally get the eggs on their hands and carry them into 
the kitchen. 

An ascaris which cannot be distinguished by its structure from the one that lives in 
man is very common in pigs. However, the ascaris eggs from pigs do not ordinarily 
develop to maturity in man, nor do those from man’s feces infect the pig. 

M uch more serious than the big ascaris is the tiny hookworm 
(Necator americanusy a name which means “the American killer”). 
The mouth cavity of the worm contains plates by which 
the worm grasps a bit of the intestinal lining of the host 
and holds on while it sucks in blood and tissue fluids. 

The eggs pass out in the feces and fall on the ground, 
where they hatch into larval worms. These live in the 
soil for some time, feeding and growing. After they have 
attained a certain size and have stored up food, they Hookworms, natu- 
cease to feed and are capable of infecting man. They in- 
vade their human host by burrowing through his skin, and infection most 
often occurs from the habit of going barefoot in localities where the soil 
is likely to contain human feces. After entering the skin, the worms pur- 
sue the same course as described for the ascaris, eventually reaching the 
intestine. 
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Hookworm disease in the United States is largely confined to rural parts of our south- 
eastern states, where millions are aflFected. Adequate moisture and temperatures between 
68® and 86° F. are necessary for the development of the worms in the soil; hence, hook- 
worm disease of man (and also of other mammals) is restricted to regions such as the 
South, where these conditions prevail. The symptoms of the disease are widely known: 
anemia, laziness, and general lack of physical and mental energy. These conditions lead 
to a retardation of physical and mental development, so that an infected child of fifteen 
years of age may appear to be only ten years old. The “poor white trash” of our South 
have suffered such inefficiency for generation after generation. The resulting poverty, 
ignorance, and deterioration of culture only accentuate the condition. The fact that these 
poor people have been held in contempt by their more fortunate neighbors, who attribute 
the condition to “natural-born shiftlessness,” has not been helpful. Negroes harbor the 
worms but are not so susceptible to their harmful effects. During the last two decades 
health agencies have done much to stop this drain on our national economy and culture. 

Simple treatment with drugs eliminates most of the worms, but in addition to treat- 
ment it is necessary to prevent new worms from entering. Wearing shoes and avoiding 
contact of the skin with infected soil is one factor. A second is the sanitary disposal of 
feces which contain eggs. Toward this end government agencies have constructed hun- 
dreds of thousands of privies in the southern states. 

T he trichina worm {Trichinella spiralis) is a inucli dreaded parasite 
of man. It is usually obtained by eating insufficiently cooked pork 
but occasionally is contracted from other kinds of meat — bear meat, for 
example. The worms become sexually mature in the human intestine. 
The eggs hatch in the uterus of the female, which thus gives birth directly 
to larval worms. The larvas gain access to the blood and lymph vessels 
of the intestine and are carried about through the body. They leave the 
vessels and burrow into the muscles — usually those of the diaphragm, ribs, 
tongue, and eyes. In the muscles the larvas increase about ten times in 
size, to a length of 1/25 inch, and then encyst, curling up and becom- 
ing inclosed in a thick wall formed by the host tissue. They develop no 
further and eventually die, unless the flesh (containing the cysts) is 
eaten by a suitable host. Pigs obtain the worms by eating the flesh of 
other animals, usually fragments of slaughtered pigs or rats, containing 
encysted larvas. In the body of the pig the worms go through the same 
history as recorded above for man. The muscles of an infected pig con- 
tain numerous encysted trichina worms; and if man eats infected pork 
that has not been thoroughly cooked, a trichina infection usually results. 

The adult worms do no harm, and after a few months disappear from the intestine. 
The greatest injury occurs during the migration of the larvas, when half a billion or more 
of them may simultaneously bore through the body. At this time there are excruciating 
muscular pains, muscular disturbance and weakness, fever, anemia, and swellings of 
various parts of the body. It is during this stage of the disease that death may occur. 
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and about a third of the sufferers die. If the victim survives this period, the larvas 
become encysted and the symptoms subside, though there may be permanent damage to 
the muscles. In less heavily infected cases the symptoms may be mild and are likely to 
be diagnosed as “intestinal trouble.” Serious cases are often diagnosed as typhoid fever. 
Thus, the actual occurrence of this disease is much higher than is generally supposed. 
Autopsies have shown that about 20 per cent of the population have suffered from trich- 
inosis at some time or other. 

It is probable that the religious laws of the Jews prohibiting the eating of pork resulted 
from experience with trichina infections, although at that time nothing was known about 
the worms themselves. At the present time the United States government does not in- 
si>ect pork for the occurrence of encysted trichina worms, since such inspection requires 
microscopic examination, and light infections could be readily overlooked anyway. In- 
adequate inspection is worse than none, because it gives a false sense of security to the 
consumer. The absolute prevention of trichinosis lies with the consumer, who has only 
to cook all pork thoroughly. It is important not to roast pork in pieces so large that heat 
does not penetrate to the center. Large public barbecue picnics are often a source of 
epidemic trichinosis. Many of the worst cases have been due to “homemade” pork 
sausage which was improperly prepared. An ounce of infected pork sausage may contain 
one hundred thousand encysted worms. All market animals are parasitized in some way 
or other, and it is understood that the consumer will prepare his food properly to safe- 
guard himself against infection. 

T he filaria {Wucheria bancrofti) is a roundworm of great importance 
as a human parasite in tropical and subtropical countries. In the 
United States it occurs in only one locality, Charleston, South Carolina. 
This worm differs from the preceding ones in that an intermediate in- 
vertebrate host is involved in the life-cycle. The adult worms look like 
coiled strings as they lie in the lymph glands or 
ducts of an infected person. The female is 3 or 4 
inches long, and the male about half this length. 

The female gives birth to small larvas, known as 
microfilarias, which get into the blood vessels 
and develop no further unless sucked up by a 
mosquito of the right species. Within the mos- 
quito the larvas continue development and mi- 
grate to the biting apparatus. When the mosquito 
bites another person, the worms creep out onto the 
skin of the victim and penetrate near the bite. The 
chief consequence of filaria infection is the block- 
ing of the lymph channels. This results in im- 
mense swelling and growth of the affected parts — a condition known as 
elephantiasis. 



MicrofHaHa in blood. The 
worm is incased in a trans- 
parent sheath, really the in- 
ner lining of the egg. Three 
red blood corpuscles are 
shown to give scale. (Modi- 
fied after Faust) 
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T he guinea worm {Dracunculus medinensis) is one of the more 
serious discomforts of life in India, Arabia, Egypt, and central Africa. 
The male worm is not well known but is probably only about an inch long. 
The female is from ^ to 4 feet long and 1/25 inch in diameter. It usually 

lives under the skin but sometimes lies near 
the surface, where it appears like a coiled 
varicose vein. When mature, the female ap- 
proaches the surface of the skin, usually 
that of the arms or legs, and secretes a toxic 
substance which causes a blister to form. 
The blister breaks, exposing a shallow de- 
pression or ulcer with a hole in its center. 
When this ulcer is suddenly plunged into 
Cyclops, a one-eyed crustacean, cold Water (as by women when they wash 
serves as the intermediate host of clothes in the river) , a milky fluid contain- 
the guinea worm. large numbers of tiny larvas is ejected 

from the hole in the ulcer. The larvas swim about in the water until they 
find a Cyclops, a small crustacean, into which they enter and in which they 
undergo development. When man drinks unfiltered water containing a 
Cyclops, the larvas are introduced into their final host. 

In some places one-fourth of the population is incapacitated during part of the year 
by the guinea worm. Some of the symptoms, which appear at the time the blisters are 
formed, are vomiting, diarrhea, and dizziness. Native medicine men usually extract the 
worm by slowly and painfully winding it out on a stick. This often results in infection, 
followed by loss of the limb or by death. This method is quite successful, however, if 
done by a doctor, who uses the proper precautions against infection. Control of the 
disease would be very easy if infected natives could be taught to stay out of the water 
and if communities could be induced to filter their drinking water. In India this is difficult 
because of the religious traditions that surround the ways in which the people obtain and 
use water. 
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:lephantiasis is miiscHl by certain iilaria wormn which 
ive in the lymph glands and hlwk the lymph passages 
’his results in diversion of lymph into tlie tissues and in 
he enormous growth of connet*tive tissue*. (Photo made 
ti Pu|rto Rkio by ()’< onnor an<l Hulsi ) 


Trichina cyst in human musi'h'. 'the cyst does i j 
harm, and the* worm eventually dies; the damage 
done by the lairing of million.s of thes<* larvas liefo 
the,\’ encyst. Actual size of tyst, 1/50 inch Jon 
(l^hoto of stained preparation by P. S. 




^he worms are shown copulating; the shorter male (actual length Hookworm larvas from soil. Length 
V inch) has an expansion at the posterior end by which it holds 1/50 inch. This is the infective stage, 
be female ( inch long). (Photo courtesy Army Med. Mus.) (Gen. Biol. Supply Hoii.se) 



action through hookworm (left) biting wall of intestine. The American hookworm holds on by sharp cutting 
iges and feeds on blood and tissue juices. HiffAi, closeup of portion of same section to show the head of the 
irm with a bit of intestinal lining in its mouth. (Photo courtesy Army Mefl. Mus.) 
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HAIRWORMS 

I T IS an old belief that the so-called “horsehair snakes” arise from 
horsehairs that have fallen in the water. The horsehair snakes are 
neither horsehairs nor snakes, but are members of the small phylum 
NEMATOMORPHA (“form of a thread”). It is not difficult to under- 
stand how the erroneous notion of their origin got its start when we con- 
sider that these worms, which live in almost any body of fresh water, are 
often found in drinking-troughs, and that many of them are about 6 
inches in length, black or brown in color, and, though somewhat thicker, 
look not unlike the hairs of a horse. Too, it seemed necessary to eiqjlain 
why one should see no trace of them on one day and then find numbers of 
these worms in the same place on the next day. We now know that this 
sudden appearance of the worms is due to the fact that the larvas de- 
velop as parasites in insects and the adults emerge full-grown from their 
insect hosts. They probably drop into the water when their hosts approach 
a pond or stream, or perhaps are swept into the water by a heavy rain. 
The hairworms resemble the roundworms in structure and sometimes 
are included as one of the classes of the phylum Nematoda. Their life- 
history differs from that of parasitic nematodes in that the adults are all 
free-living. The difference is not important, however, because the adults 
in many cases lack a mouth; and even those with a mouth probably do 
not feed. Thus, the free-living adult may be looked upon as only a repro- 
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ductive stage, though it may sometimes last for months. The female lays 
the eggs in long egg-strings which she winds about water plants. The 
larvas that hatch have a spiny proboscis by means of which they bore 
their way into the body of an aquatic insect larva. The next stages are 
not well known, but we find the mature hairworms in the bodies of land 
beetles, crickets, and grasshoppers. Perhaps the transfer to the land host 
is effected when the aquatic larvas mature, go on land, and are eaten by 
a beetle; or the first insect host may die and its parasitic hairworm 
larvas escape and bore their way into the second host. In the body of the 
second insect host they develop into adults, which finally return to the 
water to mate and lay eggs. 

Gordius (shown in the illustration at the beginning of this section) is a 
genus of hairworms which wriggle about in ponds and ditches all over 
the world. The name comes from the fact that the adults are often found 
together in masses so tangled as to suggest a “Gordian knot."’ 



Spiny-headed worm from the intestine of a pig. Natural size. 


Head, enlarged. (Modified after 
Van Cleave) 


SPINY-HEADED WORMS 

T hese elongate, cylindrical worms live as parasites in the intestine of 
vertebrates and used to be considered as a class of nematodes. But 
as it is difficult to reconcile their unique body plan with that of round- 
worms or of any other group, they are now set aside by themselves as the 
phylum ACANTHOCEPHALA, a name that means “spiny-headed” and 
refers to their most characteristic structure, an anterior retractile pro- 
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boscis armed with rows of stout recurved hooks. Behind the proboscis is 
a short neck region and then the body proper, which is roughly cylindrical. 
By means of the burrlike proboscis the worm clings to the intestinal lining 
of its host, absorbing nourishment through the delicate cuticle. There is 
no trace of a digestive tract. 

Acanthocephalids shed their eggs in the feces of the host. If the host is 
an aquatic vertebrate, the eggs are probably eaten by a crustacean or an 
aquatic insect, and in these animals the larvas develop. They get back 
into a vertebrate when the intermediate host is eaten by the vertebrate 
final host. The life-history is similar for land vertebrates, but it involves 
land insects. A species common in rats and another which lives in pigs 
are both occasionally found in man. The rat parasite is from 2 to 10 
inches long. The eggs are shed in the feces; and when rat feces are eaten 
by cockroaches, the larvas develop. Rats become infected by eating cock- 
roaches, which sometimes form their chief article of diet. Man probably 
becomes infected when he unwittingly eats an infected cockroach. The 
acanthocephalid of pigs is a huge worm over a foot long, with a pinkish 
wrinkled body. Pigs become infected by eating grubs (larvas of the June 
beetle) which they find as they root about in the soil. 



CHAPTER 16 



LESSER LIGHTS 

T he animal kingdom is divided into about twenty phyla. The ex- 
act number depends upon how many different plans of organiza- 
tion the classifier thinks there are. Some of the phyla are more im- 
portant than others — at least to man — and among those usually con- 
sidered of less importance, six will be discussed in this chapter. 

These owe their inclusion among the “lesser lights” to one or all of the 
following reasons: they have a small number of species or of individuals; 
the members are of small size; they constitute no important source of food 
or of disease for man; and they illustrate no principle of theoretical inter- 
est that is not as well shown by other phyla. 

ROTIFERS 

W HENEVER a body of fresh water is examined for free-living 
protozoa, one is almost certain to find, in addition, microscopic 
animals about the size of protozoa but consisting of the equivalent of 
many very small cells and with a grade of structure a little more compli- 
cated than that of flatworms in some respects, less so in others. These are 
the rotifers. Because they are microscopic and play no important role in 
man’s economy, these abundant animals are little known except to 
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zoologists and amateur microscopists, who seldom fail to be fascinated by 
their great variety of shapes (many of them truly fantastic) and by their 
rapid and often seemingly incessant motions. 

Rotifers can be recognized at once by the presence at the anterior end 
of a crown of cilia, which serves as the chief organ of locomotion and also 
as the means of bringing food to the mouth. In some forms the beating 
of the cilia, which are arranged around the edge of one or more disk- 
shaped lobes, gives the appearance of a revolving wheel — hence the 
name of the phylum, ROTIFERA, which means “wheel-bearers.” 


muscles cuUcle 



Rotifer, showing structure. Only a few uf the iiuelei are shown (e g., iimseles anti stomach wall). 
(( ombined from several sources) 


Rotifers vary in shape from wormlike bottom-dwellers, or flower-like 
attached types, to rotund forms that float near the surface; but all are 
bilaterally symmetrical. In many species (as in Philodina, shown in the 
illustration above the chapter heading) the body is elongated and is 
roughly distinguishable into three regions: a head which bears the mouth 
and cilia; a main central portion, called the trunk; and a tapering portion, 
known as the foot. At the end of the foot are the “toes,” pointed projec- 
tions from which open cement glands that secrete a sticky material used 
to anchor the rotifer during feeding. The toes aid in a second method of 
locomotion in which the animal proceeds “inchworm fashion.” It stretches 
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The teeth of the pharynx 

are the most distinctive struc- 
tures of rotifers and are used 
as a basis upon which to dis- 
tinguish one species from an- 
other. (After Harring and 
Myers) 


out, takes hold at the front end, releases the toes, 
and contracts the body; then it fastens the toes 
again, and extends, etc. The whole body is inclosed 
in a transparent, flexible cuticle, which is folded 
into sections that can be “telescoped” one into 
the other when the animal contracts. 

When feeding, a rotifer remains attached to a 
bit of debris, and the rapid beating of the cilia 
draws a current of water toward the mouth. Pro- 
tozoans and microscopic algae are swept through 
the mouth into a muscular pharynx (or mastax), 
which contains a chewing apparatus consisting of 
little, hard “teeth,” operated by muscles. In some 
rotifers the long pincer-like teeth can be extended 
through the mouth and used, like a forceps, for 
catching prey. The pharynx leads into a straight 
digestive tract which opens by an anus at the 
junction of trunk and foot. 

In general structure a rotifer is similar to flatworms, nemerteans, and 
nematodes. The cuticle serves as a place of attachment for the muscles 
by which the animal moves. Muscular activity is co-ordinated by a simple 
nervous system which centers about a brain in the anterior end. Many 
rotifers have simple eyes and sensory projections called “antennas.” The 
excretory system is like that of the flame-cell systems of flatworms and 
nemerteans; but in addition the terminal portion of the excretory tube is 
enlarged into a bladder which pulsates, ejecting its contents into the most 
posterior part of the intestine. There is no circulatory system in rotifers, 
and this is what one would expect of such minute organisms. Substances 
simply diffuse the microscopic distance from the gut to muscles and other 
tissues. 

Rotifers are peculiar in that their bodies are not divided up into distinct 
cells but, like some of the tissues of sponges, flatworms, and nematodes, 
consist of syncytia, that is, protoplasmic masses containing a number of 
nuclei. Cell walls are present in embryonic stages but later disappear. It 
is also a striking fact that the number of cells of the late embryo, or the 
number of nuclei of the adult, is constant (about one thousand) for each 
individual of a species; and, further, each nucleus occupies a defirdte posi- 
tion, so that all the nuclei of a rotifer can be numbered and mapped. Such 
cell constancy also appears to a limited extent in some other phyla. 



LESSER LIGHTS 


171 


Rotifers reproduce sexually. The sexes 
are separate; but the males are generally 
small and degenerate, sometimes entirely 
lacking the digestive and excretory sys- 
tems. Such individuals can live for only 
a few days. During most of the year, in 
the typical life-history, females give rise to 
other females by way of eggs that are not 
fertilized. This development of eggs with- 
out fertilization is called parthenogenesis 
and occurs also in other phyla. As the 
sexual season approaches, certain of the 
females lay eggs which are smaller and dif- 
fer in other ways from the usual female- 
producing eggs. If not fertilized, these 
smaller eggs hatch into males. The males 
then fertilize the females, after which fer- 
tilized eggs are laid. These are distinguished from the parthenogenetic 
ones by a hard thick shell, often ornamented. They can withstand dry- 
ing, freezing, and other unfavorable conditions, and after a resting period 
hatch into females. In one group of rotifers males have never been seen, 
and perhaps they do not occur. In this group the eggs develop without 
being fertilized and always become females. 

Some rotifers can withstand drying even more than can many pro- 
tozoans and nematodes. In this almost completely dried state they may 
live for years. As soon as moisture appears, they swim 
about and feed actively. Because of this capacity to 
resist drought, rotifers can live in places that are only 
temporarily wet, such as roof gutters, cemetery urns, 
rock crevices, among moss, and in similar places. When 
the water evaporates, the animal contracts to a mini- 
mum volume and loses most of its water content. Some- 
times the animal itself dies but its contained eggs survive 
until moisture returns. There are some marine rotifers, 
but the group is much more abundant in fresh water. Be- 
cause of their small size and their capacity for withstand- 
ing temporary drying, rotifers have been distributed the 
world over, chiefly by wind and by birds. If environmen- 
tal conditions are similar, a lake in Africa will contain the 
same species of rotifers as a lake in North America, 



The fertilized female- 
producing egg of a 
rotifer has a hard, 
thick shell which pro- 
tects the egg during 
the resting period. 
(After H. Miller) 



Male rotifers are usually small and 
degenerate. (After Hudson and Gosse) 
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GASTROTRICnS 

ALMOST any aquatic debris that contains rotifers will also contain 
jLX a few members of the small phylum 6ASTROTRICHA. These 
minute many-celled animals are about the size of rotifers and resemble 
them in many details of structure. They have no crown of cilia but swim 
by means of tracts of cilia on the ventral surface. The cuticle is often 
clothed with scales or bristles, and gastrotrichs are likely to be confused 
with ciliated protozoans. 

The digestive system is a straight tube with a muscular sucking 
pharynx more like that of nematodes than of rotifers. In the species com- 
monly seen in fresh water the tail end of the body is forked; and at the 
tip of each fork is the opening of a cement gland, which serves the same 
function as in rotifers. 

About one-quarter of the known gastrotrichs live in the ocean; these 
are hermaphroditic. The rest live in fresh water, and these are females 
which apparently reproduce parthenogenetically . No males have ever been 
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BRYOZOANS 

S OME of the small and more delicate “seaweeds” admired by visitors 
' to the seacoast are not seaweeds at all but are the branching colo- 
nies of members of the phylum 
BRYOZOA a name that means 
“moss animals” and refers to the 
plantlike appearance of many 
bryozoans. Because of the colo- 
nial habit of its members, some 
prefer to call the phylum, Poly- 
ZOA (“many animals”). Some 
colonies are shrublike and hang 
from blades of kelp or grow out 
from crevices of rocks; others 
form flat incrusting growths on 
seaweeds and rocks; and some 
fresh-water bryozoans grow as 
gelatinous masses around stems 
and twigs that have fallen into 
the water. 

Each individual of a colony 
lives in a protective case of hard 
material, calcareous or homy, in- 
to which it can withdraw com- Two members of a bryozoan colony, one ex- 
pletely. (The fresh-water bryozo- ’"thdrawn. (Modified after Delage 

an colony shown in the headmg 

is PlumateUa, which has a delicate and transparent horny covering). At 
6rst glance the animals resemble hydroids, for at the anterior end they 
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have a set of tentacles borne on a circular or horseshoe-shaped ridge, called 
the^lophophore.’’ However, they are considerably advanced over the hy- 
droids and have a grade of structure more like that of rotifers. Although, 



Bryozoan, showing structure. (Combined from several sources) 


as in hydroids, the members of a bryozoan colony arise from each other by 
budding, they conduct their activities independently. When undisturbed, 
the animals emerge ‘‘cautiously’’ ahd spread their tentacles in the water; 
but at the slightest vibration they retreat into their cases. 

The tentacles are ciliated and, when spread in the water, create currents 
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which drive microscopic organisms into a 
mouth situated within the ring of tentacles. 

The food is moved through the U-shaped di- 
gestive tract by means of cilia. The anus 
opens near the mouth, but just outside the 
circle of tentacles. The proximity of mouth 
and anus does not seem to us particularly de- 
sirable, but apparently it is a satisfactory 
adjustment for an animal that lives in a 
case with only one main opening. 

The hard case that incloses a bryozoan is 
secreted by the underlying ectoderm. This ectoderm and a layer of mes- 
odermal cells constitute the thin body wall. Between the body wall and 
the digestive tract there is a large fluid-filled space, completely lined with 
mesoderm. Such a body cavity lined with mesoderm is called a coelom 
(“hollow”), and the coelomic lining is called the peritoneum. 

The bryozoans show a remarkable reorganization at various times, 
when the tentacles, gut, and other internal organs degenerate, forming a 
compact mass known as the “brown body.” New organs are regenerated 
from the body wall; and the brown body, which comes to lie in the 
stomach of the regenerated individual, is eliminated through the anus. 
Since these bryozoans lack an excretory system, it is possible that the 
formation of the brown body is related to excretion. 

Some bryozoans illustrate polymorphism. In these we find, attached to 
the normal feeding individuals, highly specialized individuals which 
resemble a bird’s head and so are called “avicularia.” Each avicularium 
has a pair of jaws, operated by muscles, which can 
snap shut upon any small animal that wanders over, 
or chances to alight on, the colony. Presumably, the 
function of these individuals is not to aid in feed- 
ing but to prevent larvas (and other small animals) 
from settling upon, and interfering with, the feed- 
ing activities of the colony. 

Growth of the colony is by asexual budding. New 
colonies are provided for by sexual reproduction. 
The ovaries arise from the peritoneum of the body 
wall. The testes usually form on the peritoneum cov- 
ering the strand of mesenchyme-like cells that fas- 
tens the intestine to the body wall. Eggs and sperms 



The statoblast of Pec- 
tinateUa, a common fresh- 
water bryozoan, is about 
^ inch in diameter and 
has a row of anchor- 
shaped hooks. (After 
Kraepelin) 



Bryozoan larva. (Modified after 
rrouho) 
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are shed into the coelom, where fertilization takes place. The ciliated larva 
of marine bryozoans is free-swimming and resembles a trochophore, 
a kind of larva found in many invertebrates (see chaps. 17 and 19). 

Fresh- water animals usually do not have free-swimming larvas. Fresh- 
water bryozoans have, instead, buds known as statoblasts. These, like 
the gemmules of fresh-water sponges, consist of a mass of cells surrounded 
by a protective covering. They survive the winter and develop into new 
bryozoan individuals. 

T here are two groups of bryozoans, which differ in a number of 
important ways. Although it is customary to group them in one 
phylum, they might properly be assigned to separate phyla. The descrip- 
tion above applies to the more advanced group known as the Ecto- 
PROCTA (meaning “outside anus”), in which, as we have seen, the anus 
opens outside the circle of tentacles. In the Endoprocta the anus opens 
within the ring of tentacles. Unlike the ectoprocts, which have no special 
excretory system, the endoprocts have a flame-cell system. In the endo- 
procts mesenchyme fills the space between the gut and the body wall, 
and there is no coelom. This has been taken as an indication that the 
endoprocts are more primitive than the ectoprocts, for a coelom, unless 
secondarily reduced, is present in all higher phyla. 



BRACHIOPODS 

O NE of the early investigators, who pried open the shells of a brachio- 
pod and looked inside, thought that the two spirally coiled ridges 
within the shell were “arms” by which the animal moved and that they 
corresponded to the foot of a clam. From this mistaken notion came the 
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name of the phylum, BRACHIOPODA, which means “arm-footed/’ 
The shells of a clam are right and left, while those of a brachiopod repre- 
sent dorsal and ventral surfaces. The gape of the brachiopod shell is at 
the anterior end, and the hinge is at the posterior end ; the shells can be 
opened and closed by means of muscles. The posterior end of the body 
is extended into a stout muscular stalk (peduncle) by which the animal 
is attached, usually to a rock. The shells are secreted by two folds of skin 
which inclose the main part of the body. 



Brachiopod, showing structure. (Modified after Delage an<l HerouaiNl) 


Within the shells the most conspicuous structures are the two spirally 
coiled tentacular arms, or lophophore, which are thought to correspond 
to the lophophore of a bryozoan. Running along each arm is a ciliated 
groove, and on one side of this a row of ciliated tentacles. The beat of the 
cilia sweeps minute organisms into a mouth situated between the bases 
of the arms, from there into a stomach supplied with digestive glands, 
and finally into an intestine. The water currents also maintain a steady 
supply of oxygen. 

The circulatory system is simple and contains a contractile muscular 
enlargement called the ‘‘heart.’^ As in ectoproct bryozoans, there is a 
true coelom lined with mesoderm. The excretory tubes lead from the 
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coelom to the large cavity in which the arms lie and which connects di- 
rectly with the outside. 

The sexes are usually separate, and the sex organs lie near the intes- 
tine. The eggs or sperms are discharged into the coelom and reach 

the outside through the excretory tubes. The 
ciliated larva resembles a trochophore. 

There are two main groups of brachiopods. 
In the more primitive group, of which Lingula 
is an example, the two shells are of a horny tex- 
ture, somewhat rectangular in shape, and of 
equal size. They are held together only by mus- 
cles; there is no hinge. The stalk is usually very 
long and passes out between the shells. In the 
more advanced and larger group of brachiopods, 
represented both in the illustration at the be- 
ginning of the section and in the diagram, the 
shells are calcareous and are hinged together. 
The ventral one is larger than the dorsal, 
and at its posterior end has a kind of upturned 
‘'beak” through which the short stalk passes. 
The dorsal shell bears two calcareous coiled pro- 
jections which serve as an internal support for the 
tentacular arms. In this group there is no anus. 
Lingula lives in vertical bur- Brachiopods are all marine and are not very 
rows in the sand, attached to widespread. Only about two hundred living spe- 

the bottom by the long stalk, known. But there was a time in past geo- 

(Modified after Francois) i .1 .1..1 .i 

logical ages when there were at least three thou- 
sand species, of which we now have good fossil records. At that time brachi- 
opods played a very important role in the invertebrate world, comparable 
to that of the clams and oysters of the present. 

Modem species of Lingula are almost identical with species which we 
estimate, from the fossil record, to have lived almost 500,000,000 years 
ago. This is a record for conservatism among animals, and Lingula has 
the “honor” of being the oldest-known animal genus. Fossil brachiopods 
are of great value to geologists, as they constitute one of the most im- 
portant criteria for dating rock strata. (See also chap. 27.) 
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PHOBONIDEA 

T he phylum PHORONIDEA is a 

small one, consisting of only about 
a dozen species. These wormlike animals 
are all marine, sedentary, and tube- 
dwelling. A common species of our West 
Coast lives in straight cylindrical tubes 
imbedded vertically just below the sur- 
face of the substratum in mud and sand 
flats. The animals have a horseshoe- 
shaped lophophore, spirally coiled at the 
ends, which bears ciliated tentacles that 
catch food. In this food-catching organ, 
in the U-shaped intestine, and in other 
respects phoronidea resemble bryozoans. 
The larva is of the trochophore type. 
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ARROW WORMS 

I N THE open ocean we find transparent, slender animals, usually 1-3 
inches long, that look like cellophane arrows as they dart after their 
prey. Though at certain seasons they occur in incredible numbers, and at 
such times form a large part of the food of fish, the arrow worms are mem- 
bers of a phylum, the CHAETOGNATHA, which has relatively few spe- 
cies. The name means “bristle-jawed” and refers to the curved bristles, 
on either side of the mouth, that aid in catching prey. The body is divided 
into head, trunk, and tail and has finlike projections, which probably 
serve as balancers. The brain is well developed, and there is a set of eyes. 
The anus is situated at the junction of trunk and tail, about a third of 
the way from the posterior end. The three body regions are separated in- 
ternally by transverse partitions, and there is also a longitudinal partition 
which separates the coelom into right and left halves. The animals are 
hermaphroditic: both male and female sex cells arise from the lining of 
the coelom. The body plan is so different from that of other groups that 
it is difficult to say what relationships they have to other invertebrates. 
In certain details of development the chetognaths resemble some of the 
members of the phylum to which man belongs. 
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Ttfb4H4iw«liiim rotifer, Fh^ctikma, k 
sessile. It buSds a pioteetiTe tube by ce- 
mcBtiiag to^tber mmuU hmMs of clebm. 
FrotruiiiBf from tbe tube i» tbe ibur-ldbed 
eiiialed crown edsed wiUn eiia that create 
tbe food-bearinc crmnts. (Model) 




rlMUng rotifar, Trochoitp k a e rm, wbieb 
lives at tbe surface of pojads and stretans, 
Tbe spbencai bo<fy (1/50 iocb in dbameter) 
is propelled about by tbe band of cilia above 
its equator. (Gkss model) 






FloaAiiiQ pwliiap, «4«plsmdlna» tbrougb 
wbose transparent bcxfy wtM one can often 
sec imbom daui^tcra. and witbin tbem de- 
veloping grandcbildren! (Glass modeL) 
(AH pbotos on tins page courtesy Anaeman 
Museum of Natural llktorv\ 






Wormlike rotifers can be seen in almost any drop of pond water, either creeping about on vegetation or re- 
maining temporarily attached to the substratum by means of a sticky substance secreted through the tips of the 
two pointed “toes.” When 6xed, the beating cilia on the lobes at the head end sweep small animals and plants 
into the mouth. When moving, they either swim by beating the cilia or crawl about like a leech, alternately ex- 
tending and contracting the body and taking hold by the toes and then lettmg go. The lower animal shown here 
is fully extended, with the head end on the right and the toes on the left. The upper animal is contracted, with 
the head and foot (except the toes) telescoped into the trunk region. (Photo of living animals by P. S. Tice) 




Encrusting bryozoans are show n here as flat [mtches Erect branching bryozoan cblonies are of 

on the seaweed in the lower right-hand oorner.( Model) mistaken for small delicate seaueetls. (Model) 



Cf««ping bryozoan colony. Each memlier is about 
1/25 inch high. A ccdony makes an amusing sight 
with the animals popping in and out of their cases. 
{Photos of models. Courtesy Amer. Mus. Nat. Hist.) 


Frash-watar bryozoan, Pcctinaielia, encni.9ts slid 
and stones in ponds and streams. The cases of tl 
members are jellylike, and the colony looks like 
aelatinoiis mass. (Photo of living colony. lUmois) 



Braciliapoils mse exdit- 
smly marine tmiraak, 
most ol wkicli ihre 
lAciKd to fodks hj m sUlk 
that posses out through » 
bi^moBeYohre. libetwo 
slbowo bese ose eBlsrgecI 
sbcNst tWee tmses. Tim 
Mse at the fell is seen as 
top view; ike oae at tfer 
rij^l, io skfe view, sfeows 
the short stalk. (I^Msto of 
tiviag awiasak. Pacific 
&iOTe. CaliBonya) 
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wives siii^tlgrag^pe. The 
wo eoifed ridges, 8iiqppoit> 
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se hesdeted hy defie^ 

ain a dncalalion of water 
ad sweep load ofganiBMS 
■tothenMNilh. (Photool 
e eae w e d anw aa t) 



CHAPTER 17 



SOFT-BODIED ANIMALS 


T he s(‘Coii<l lari^tNst arul .second most familiar invert(‘brate group 
is the phylum MOLLUSCA. The name means “soft-bodiech’; 
and be(*aus(‘ of I heir soft, fl(\shy bodies, which are of relatively 
large size, the mollusks, mori‘ than any other invertelu'ales, are widely 
used as food by man. Some of the better-known mollusks are snails and 
slugs, clams and oysters, octoj)uses and scpiids. 

Despite the lack of similarity in the external ajjpearance of a snail, a 
clam, and a squid, their body plan is fundamentally the same and differs 
radically from those of all of the other invertebrate groups. The typical 
features of a mollusk are much modified, and some are even lost, in a 
highly specialized animal like a clam, ^lliey are less changed - from what 
we think was the condition of the jirimitive molluscan ancestor — in the 
chitons. 

T he chitons are sluggish animals which browse on the algae that 
grow on rocks near the seashore. When disturbed, they clam}) dovm 
upon the rock so tenaciously with their powerful muscles that it takes 
much persist(mc(‘ — and often a chistd - to [iry them loose. 
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The body is bilaterally symmetrical. At the anterior end is a reduced 
and inconspicuous head, which is probably a secondary adaptation to a 
sedentary life; it is the chiton’s main disqualifying character as a typical 
mollusk. The primitive molluscan ancestor of the chiton probably had a 
prominent head with sense organs— more like a snail’s head than that of 
a chiton. The ventral surface is largely taken up by a broad, flat muscular 
creeping foot, abundantly supplied with a slimy secretion. The visceral 
mass (containing most of the organs) lies dorsal to the foot and is com- 
pletely covered by a heavy fold of tissue which extends around on each 
side of the foot, much as a roof covers a bam. This fold is called the 
mantle, and the part under the “eaves” is the mantle cavity. On its 



Chiton, showing principal structures of a relatively primitive mollusk. The gills are not shown (see 
the photographs at the end of chapter 18) 


upper surface the mantle secretes a shell, which in most of the chitons 
consists of eight separate plates, overlapping from front to rear like the 
shingles on a roof. Between the mantle and the foot in the mantle cavity 
on both sides is a row of gills, thin-walled structures used in breathing. 

The digestive system is a tube extending from the mouth, in the head, 
to the anus, at the posterior end of the animal. The mouth leads into a 
muscular chamber, the pharynx, in which is found the radul^ This is a 
homy ribbon covered with many rows of hard recurved teeth. A com- 
plicated array of muscles pulls the radula back and forth over a cartilagi- 
nous projection, much as a cloth is pulled over a shoe in polishing it. 
When feeding, the chiton protrudes the radular apparatus through the 
mouth; and as the teeth of the radula move over the surface of plants, 
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they rasp off small fragments. Be- 
hind the radula the esophagus opens 
into the stomach, from which a long 
intestine runs to the anus, at the 
posterior end. 

The circulatory system is better 
developed than that of nemerteans. 

There is aspecialized pumpingorgan, 
the heart, and extensively branched 
blood vessels which carry blood 
from the heart to all parts of the 
body and then back again. The 
heart lies in a cavity, the pericardial 
cavity, which is a part of the body 
cavity, or coelom. 

There are two excretory organs 
(the kidneys), consisting of a glan- 
dular epithelium which extracts ni- 
trogenous wastes from the blood 
passing through them. The waste 
material is discharged to the outside *y***"’ 

era! sources) 

by way of pores near the anus. 

The nervous system is a ring of nervous tissue around the esophagus, 
connected wnth two pairs of longitudinal nerve cords which go to the 
muscles of the foot and mantle. It is a “ladder type” of nervous system, 
not very different from that of nemerteans. 

Eggs and sperms are shed into the sea water. The fertilized egg de- 
velops into a trochophore larva, similar to that of several phyla already 




A. 


B. 


C. 


Development of a chiton. A, trochophore with foot beginning to appear. B, larva attached by 
foot; shells starting to develop. C, shells clearly marked; adult appearance indicated. (After Heath) 
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mentioned and also to that of the marine annelids (discussed in chapters 
19 and 20). The typical trochophore is a spherical larva with a promi- 
nent band of cilia about the equator that serves as a locomotor organ 
and also to bring food to the mouth. Internally, the trochophore has a 
stomach and an intestine which connects with the exterior through an 
anus. There also develops a larval excretory organ with flame cells; it 
disappears when the larva changes into the adult. At the top pole of the 
larva is a group of sensory cells connected to a tuft of long cilia. 

T hough less common than their more conspicuous and more eco- 
nomically valuable relatives, the chitons are described here because 
they display the molluscan body plan in its most typical form.) The body 
consists of three main regions: a ventral muscular foot, a dorsal mass 
containing the viscera, and covering this a fleshy mantle which secretes 
the protective shell. A unique molluscan character is the radula. Not all 
mollusks have a radula, but nothing like it is found anywhere else in the 
animal kingdom. A shell is not peculiar to mollusks, for hard protective 
coverings have been developed by many groups. In most of these the 
outer covering seriously limits the activities of the animal. In mollusks 
there is a compromise, and the shell does not always completely incase 
the animal. In a snail, for instance, the head and foot can be extended 
when the animal is moving, withdrawn when danger threatens. The suc- 
cess of the molluscan plan is attested by the fact that there are over 
seventy thousand species of mollusks — ten thousand more than in the 
phylum to which man belongs. How the various kinds of mollusks have 
adapted the same body plan to their specialized and very different ways 
of life is the subject of the next chapter. 



CHAPTER 18 



TWO WAYS OF LIFE-CLAM AND SQUID 

T he most generalized, and therefore the most representative, mol- 
lusks are the members of the class Amphineura, which includes 
the chitons described in the preceding chapter. The most special- 
ized mollusks are the members of the groups to which belong the clam 
and the squid. But before going on to these we shall consider briefly two 
other classes. 

GASTROPODS 

T he class Gastropoda includes such common animals as snails and 
slugs, limpets and whelks, and is by far the largest of the classes of 
mollusks. 

Most gastropods show all of the chief molluscan features: a protective 
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shell, a mantle, a large fleshy foot, a dorsally placed visceral mass, a 
radula, and usually one or more gills. In the possession of a well-developed 
head with eyes and sensory tentacles they are more like our idea of the«^ 
primitive mollusk than is the chiton. But they are highly modified in the 
possession of a coiled shell and an asymmetrical organization of the vis- 
ceral mass. The asymmetry results from atrophy of most of the visceral 
organs of one side, leading to the coiling of visceral mass and shell. The 
spirally coiled shell is a very compact arrangement for the disproportion- 
ately long visceral mass of gastropods. If the viscera and shell were in 

the form of a long straight cone, they would 
be almost unmanageable and a serious im- 
pediment to locomotion. 

In the chiton the mouth and anus occur 
at opposite ends of the body. In most gas- 
tropods the anus opens anteriorly and lies 
above the head. The advantages of this ar- 
rangement are clear enough in an animal 
that lives in a shell with only one opening. 
Of the exact manner in which this has been 
brought about we are less certain. The ex- 
planations that have been given are based 
upon the development of gastropod larvas. 

The molluscan larva starts out as a troch- 
ophore with an equatorial girdle of cilia. As 
growth continues, the band of cilia becomes 
expanded, often into very large ciliated lobes, which serve to propel the larva 
about and bring food to the mouth. This second free-swimming larva with 
the expanded ciliated zone is called the veliger and is peculiar to mol- 
lusks. It occurs in all classes except the one to which belong the squids 
and octopuses. While the trochophore has the larval organs seen in marine 
larvas of this type, the veliger is characterized by the development of 
adult organs, such as the shell and foot. 

The veliger is at first bilateral and has an anterior mouth, a posterior anus, a dorsal 
shell, and a ventral foot, as in the chitons. As development proceeds, the digestive tube 
is bent downward and forward until it lies near the mouth. This approximation of mouth 
and anus occurs in some meml)ers of all classes of mollusks except the Amphineura. But 
what follows is peculiar to gastropods. While the head and foot remain stationary, the 
visceral mass is rotated through an angle of 180% so that the anus and the mantle cavity 
that surrounds it are carried upward and finally come to lie dorsal to the head. In addition. 



Trochophore of a gastropod. (After 
Patten) 
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the organs on one side of the body fail to develop; and as a result of this unequal growth, 
the visceral mass and mantle (and the shell secreted by the mantle) become spirally coiled. 

In most gastropods it is the organs of the original left side that degenerate. But since 
'^the visceral mass is rotated through 180 °, the adult appears to lack the kidney, the gill, 
and one of the chambers of the heart (atrium) on the right side. The nervous system of these 
gastropods remains bilateral and uncoiled but becomes twisted into a figure-of-eight when 
the viscera rotate. In some gastropods there is a reversal of the rotation of the viscera 
(see below) and the nerve cords are untwisted. 

Only the more primitive gastropods have a free-swimming trochophore. Most marine 
forms pass through the trochophore stage while still confined within the protective capsule 
in which the eggs are laid, and emerge as veligers. Some gastropods pass through even the 
veliger stage within the capsule and emerge as young adults. In land and fresh-water 



Left, a veliger before the rotation of the viscera. Highly a veliger after the rotation of the viscera; 
the anus now lies above the mouth. (Based on Patten and Robert) 

gastropods, development of the eggs is modified, and usually there is no recognizable 
veliger stage. In some cases the eggs are not laid at all but develop within the body of the 
parent. 

For all its advantages, a shell is a handicap to active locomotion. And 
there is a tendency among many groups of gastropods toward reduction 
or even complete loss of the shell, accompanied by an uncoiling and an un- 
twisting of the visceral mass. That these forms have descended from typi- 
cal gastropods is shown in their larval development. The larvas have a 
coiled shell and undergo twisting, followed by an untwisting and by loss 
of the shell and uncoiling of the viscera. As is generally true in animal 
evolution, organs once lost are not regained, although some substitute 
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may be formed eventually from some other region of the body. Thus, 
gastropods descended from forms which have undergone atrophy of one 
side of the body, have only one gill and one kidney (instead of a pair of 
^ each), even though, as adults, they are uncoiled, 

M and have reverted to an external bilateral sym- 

ra inetry. 

1^ Gastropods are most successful in the water ; but 



many, like the snails and slugs, have invaded the 
land. These are called the pulmonate gastropods 
because they have a modified mantle and mantle 
cavity which acts as a “lung” for air-breathing. 
Many pulmonates have gone into fresh water; 
but, as has been pointed out before, organs once 
lost do not reappear again, and, though aquatic, 
these snails have no gills. They must come to the 
surface periodically to take air into the lung. Some 
freshwater snails have gills, but these have de- 
scended directly from marine snails instead of 
land types. 

TOOTH SHELLS 

A SMALL class of mollusks are the “tooth 
. shells” or Scaphopoda, in which the shell 
is shaped like a miniature elephant’s tusk, tubu- 
lar and open at both ends. There is a mantle, a 
poorly developed head bearing a number of ex- 
tensible filaments that serve as sense organs and 
aid in capturing prey, a radula, and a muscular 
burrowing foot. The gills are lost, and the mantle 
serves as the respiratory organ. A current of water 
is maintained in and out of the upper end of the 


A scaphopad lies buried in 
the sand with only the upper 
end of the shell protruding into 
the water. (Modified after Sars) 


shell, as the animal lies buried almost completely 
in the sand. The larva goes through free-swim- 
ming trochophore and veliger stages. 


BIVALVEB 

T he clam, oyster, scallop, and others of the mollusks with two shells 
are often called “bivalves” (two valves) and comprise the class 
Pelacypoda. The name of the group means “hatchet foot” and refers 
ta the shape of the foot in many pelecypods. Most members of the group 
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are marine, but some clams are very abundant 
in fresh waters. The description that follows ap- 
plies in general to almost any of our common 
fresh-water clams. 

The clam is flattened from side to side. The 
two shells or valves, which represent right and 
left sides, are fastened to each other dorsally by 
an elastic horny ligament. The gape of the 
shells is ventral. Near one end of the ligament 
is an elevated knob, the umbo. The end of the 
animal nearer the umbo is the anterior end. At 
the opposite or posterior end are the openings 
through which currents of water enter and leave 
the clam. 



Tlie shell consists of three layers. 


The umbo represents the oldest part of the shell. As the animal 
grows, the mantle secretes successive layers of shell, each projecting be- 
yond the last one laid down. This results in a series of concentric lines 
of growth which mark the external surface of the shell and represent the 
successive outlines of its ventral margin. 


The shell consists of three layers. The dark, horny, ovter layer (periostracum) forms the 
ligament and protects the calcareous shell from being dissolved by carbonic ac id in the 
water. It is thin and is usually eroded from the older parts of the shell, su^h as the umbo. 
The middle layer (prismatic layer) consists largely of crystals of calcium carbonate ar- 
ranged peri>endicularly to the surface of the shell. The innermost, or pearly layer (nacre- 
ous layer) consists mostly of thin sheets of calcium carbonate la^^ down par^)lel to the 
surface of the shell. The first two layers are secreted only by the edgA)ftthe^antle, and 


shell 

1 



Formation of a pearl. LefU a parasite lodges between the shell and the mantle epithelium. Mid- 
die, it is almost completely inclosed in a sac formed by the epithelium, which secretes thin, concen- 
tric layers of pearly substance. Right, a pearl of good size has surrounded the parasite and prevented it 
from harming the clam. 
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hence show the concentric markings of discontinuous growth. The inner, pearly layer is 
laid down by the whole surface of the mantle and has a smooth, lustrous surface. 

A pearl may be secreted by the mantle as a protection against some foreign body, usu- 
ally a parasite such as the larval stage of a fluke. The larva lodges between the mantle 
and shell and becomes inclosed in a sac formed by the growth of the mantle epithelium, 
which secretes thin, concentric layers of pearly substance around the foreign body. 

When undisturbed, the clam lies partly buried in the sand or mud with 
the ligament up and the shells slightly agape ventrally. In this position 
the animal protrudes its fleshy foot and burrows through the mud like an 
animated plowshare. First, the pointed foot is extended forward into the 
mud and anchored by a turning or by a swelling of the free end (due to 
an influx of blood into a cavity within the foot). Then, as the muscles 
of the foot contract, they draw the body of the clam forward. Such a 
slowly moving animal, with a shell that is heavy and cumbersome to 
carry about, could hardly run down its prey. Instead, like so many other 
sedentary animals, the clam has evolved a method of drawing water 
through its body aryl straining out the microscopic organisms and other 
nourishing organic particles contained in the water. For protection it re- 
lies on its ^eavy sh^ll and retiring habits. 

The sjiells are held agape by the elasticity of the ligament. They are 
closed by the contraction of two large muscles. Near these are smaller 
^muscles whi^extend and retract the foot; and attached to the shell along 
a line close# and parallel with, its ventral margin is a row of small 
musclar? whkh retract the edge of the mantle. When the shell is lifted 
back (af Jct cfittin^the muscles), its inner surface will show ‘‘scars/^ which 
represent Jthib farmer attachments of all these muscles. Also, it will be 
seen that thdHsal margin of the shell has long ridges and irregular tooth- 
like projeq^^^^the hinge teeth, tlEht fit into grooves or pits in the op- 
posite she^^Pfiiis interlocking arrangement fits the two valves together. 



A moving clam extends thetipof the foot swells and the muscles of the foot con* 
its foot into the sand .... acts as an anchor .... tract, drawing the body of 

the clam forward .... 
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The visceral mass lies dorsally, most of it between the two large muscles 
that close the shell. The mantle covers the visceral mass and extends 
ventrally as two mantle lobes, one just underneath each shell. The space 
between the mantle lobes is the mantle cavity. At the posterior end 
the lobes are thickened locally and approximated at certain points to 
form two short tubes, the siphons. These extend out just beyond the 
margins of the shells, when the shells are agape. A current of water 
passes into the mantle cavity through the ventral or incurrent siphon 
and out through the dorsal or excurrent siphon. 

On removing one mantle lobe, the mantle cavity and its organs are 
exposed. From the mid-ventral region of the visceral mass the foot ex- 
tends into the mantle cavity and out between the shells. Between the 
foot and the mantle lobe, on each side, a pair of sheetlike double folds, 
the gills, hang freely into the mantle cavity. The gills have a sievelike 
structure, being perforated by microscopic pores, and are covered with 
cilia. ^The beating of these cilia draws water through the incurrent siphon 
and into the mantle cavity. The water passes through the microscopic 
pores, leaving suspended particles on the surface of the gills. Within the 
gills the water flows up the water tubes, vertical channels formed by 
partitions that subdivide the cavity between the inner and outer walls of 
a gill. The water tubes open dorsally into the dorsal gill passages, 
which run one above each gill and open posteriorly near the excurrent 
siphon, through which the water leaves the clam. ^ 

The rate at which water passes through the mantle cavity has been measured in certain 
marine clams and oysters. For an animal of average size, the minimum rate averages 
about 2.5 liters (almost 3 quarts) an hour. 

Food particles left on the surfaces of the gills by this steady stream of 
water are distinguished from silt and other undesirable materials during 



the foot is again extended the tip is anchored and the body is again drawn 

forward. 
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their passage to the mouth. Heavy particles of sand or mud simply drop 
from the surface of the gill to the edge of the mantle, are carried backward 
by cilia on the mantle, and are expelled posteriorly. The lighter particles 
become entangled in mucus secreted by the gills and are carried, always 
by beating cilia, to the ventral edge of the gill and then forward until they* 
meet the ciliary tracts on the palps, a pair of folds on each side of the 
mouth. Further sorting occurs here, and indigestible materials are car- 



The feeding mechanism is ciliary; fowl particles, caught on the surface of the gills, are carried to 
the mouth, as shown by the solid arrows. Rejected particles are removed from gills and palps, as 
shown by dotted arrows. 

tied to the tips of the palps and then dropped ofif into the mantle cavity, 
from which they are removed. 

Digestible materials are carried to the deep groove between the two 
palps. This groove leads directly into the mouth, which lies between the 
two “lips,” or ridges, that connect the palps of one side to the palps of the 
opposite side. There is no radula, nor could it be of any use to an animal 
that feeds only on microscopic particles. The food, entan^ed in strings 
of mucus, goes into the mouth and through a narrow tube, the esophagus, 






The direction of the respiratory currents of the clam is shown by the arrows. A piece of one gill has 
been cut away to show that the space between the inner and outer walls of the gill is divided into ver- 
tical water tubes. The pores of the gill are microscopic and are shown here greatly enlarged. The 
anterior part of the dam has been removed. In the sectioned surface the relations of the water tubes to 
the dorsal gill passages can be seen. The intestine ap|>ears more than once in the section because it 
coils back and forth in the foot. 


blood vessel 



A smalt partlon of a gill enlarged to show how the partitions^ in which the blood vessels run, 
divide the space between the inner and outer walls of the gill into vertical water tubes which com- 
municate with the mantle cavity through microsoopic pores. 
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to a saclike stomach, which is connected by ducts to a large digestive 
gland. This gland surrounds the stomach and is the main organ of di- 
gestion. From the stomach the intestine runs ventrally, makes several 
coils through part of the foot, and then runs dorsally again, passing 
through the cavity that surrounds the heart and appearing to pass 
through the heart itself (actually, the heart is wrapped around the in- 
testine). The anus opens near the excurrent siphon, and the feces are 
carried away in the outgoing current. 



Clam with mantle, one pair of gills, and part of foot cut away to show the digestive system and 
other organs. 

Digestion in fresh- water clams is not well understood; most of what we know about the 
physiology of digestion in pelecypods is based on studies of certain mafihe clams. As we 
might expect in animals that eat only finely divided food, the digestion is mostly intra- 
cellular. Food from the stomach enters the digestive gland, the cells of which readily in- 
gest and break down solid particles. Protein and fat digestion are exclusively intracellu- 
lar, and the cells of the gland also absorb carbohydrates. The only extracellular enzyme is 
the carbohydrate-digesting one, set free in the stomach by the dissolution of the crystaUine 
style^ a gelatinous rod that lies in a pouch off the intestine and projects into the stomach. 
The style-pouch is lined with cilia, the beating of which rotate the style and move it for-* 
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ward so that its free end is constantly rubbed against a specialT)ortion of the stomach wall. 
In this way the head of the style is worn away and its material mixed with the stomach 
contents. 

The circulatory system consists of a heart and blood vessels. The heart 
has three chambers: right and left thin-walled atria (singular atrium), 
which receive the blood, and a single muscular ventricle which pumps the 



The circulatory system of the clam is an open system with bloo<l vessels that supply and drain ir- 
regular channels and sinuses in the tissues. The filling of the large sinus in the foot helps to produce 
the swelling of the tip of the foot in locomotion. 

blood. The heart lies in the pericardial cavity, which is lined with an epi- 
thelium and filled with fluid. It represents a remnant of the body cavity 
or coelom, which is so extensive in annelids (see chap. 19) and other 
groups. The heart pumps blood both forward and backward through 
arteries. Anteriorly, it supplies the viscera and foot. Posteriorly, it sup- 
plies the mantle.^Many of the arteries lead, not into fine capillaries, but 
into irregular channels in the tissues. These channels, called blood sinuses, 
lack the epithel^ lining of true blood vessels. From the sinuses the blood 
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flows into veins and then back to the heart. The blood is colorless and 
contains ameboid cells. 

The excretory organs lie, one on each side, just below the pericardial 
cavity. Each is like a tube bent back on itself, with the two parts lying 
parallel and one above the other. The lower part, or kidney proper, has 
glandular walls. At its anterior end it connects with the fluid-filled peri- 
cardial cavity. At its posterior end it is continuous with the thin-walled 



The nervous system of the clam has a pair of ganglia for each main region of the body. The head 
ganglia correspond to the double but fused “brain” of other animals. They lie on each side of the 
mouth, joined by a connective that runs around the esophagus. They send nerves to palps, anterior 
shell muscle, and mantle. From each head ganglion a connective runs ventrally to the ganglia which 
supply the muscles of the foot. Two connectives also run from the head ganglia to the visceral gan- 
glia, which send nerves to the digestive tract, heart, gills, posterior shell muscle, and mantle. 


bladder which lies above the kidney and opens anteriorly into a dorsal 
gill passage. The kidney extracts waste products of metabolism from the 
blood and from the pericardial fluid. The wall of the bladder is ciliated 
and maintains an outgoing current. 

The body is muscular and performs co-ordinated movements; but the 
narvous system is reduced, as would be expected in so slu|^h an ani- 
mal. There is no head, nor would it be of much use to an animal that 
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lives with its anterior end buried in the mud. Each of the three main 
regions of the body — “head,” foot, and viscera — has a pair of ganglia; 
and from the head ganglion two long nerves (connectives) run to each 
of the other two pairs of ganglia. The sense organs are poorly developed. 
Near the foot ganglia is a pair of hollow vesicles, lined with sensory cells 
and containing a limestone con- 
cretion, which are thought to be 
balancing organs. A patch of yel- 
low epithelial cells (the osphra- 
dium) lies on the visceral ganglia 
and is thought to be sensitive to 
chemicals in the water that enters 
the incurrent opening. The man- 
tle has scattered sensory cells, 
which are most abundant on the 
small projections along the edges I’fe-cyde of fresh-water dam. (After 

of the siphons. They probably re- ^ 

spond to touch and to light. When a clam is irritated, the foot, siphons, 
and mantle edges are withdrawn, and the two valves close very tightly — 
or, as we say, “shut up like a clam.” 

The reproductive system consists of a glandular mass, which surrounds 
the coils of the intestine that lie in the foot, and opens near the external 
pore of the bladder into a dorsal gill passage. The sexes are separate. The 
male sheds sperms from the testis into the outgoing water. They enter 
the female through the incurrent siphon, pass through the pores on the 
surface of the gills,' and reach the interior of the gills, where the eggs are 
held and fertilization effected. The zygotes develop within the gills to 
bivalved larvas called glochidia (singular, glochidium, “point of an ar- 
row”). Tremendous numbers of glochidia are produced and expelled into 
the water, where they slowly sink to the bottom; but most of them die. 
To develop further, they must, within a few days, become attached to the 
fins or gills of a fish and live as parasites until they have developed into 
young clams. Then they drop from the fish and take up the independent 
life of the adult clam. 

In some fresh- water clams there is no parasitic stage; the young de- 
velop within the body of the mother. Marine pelecypods shed eggs or 
sperms into the water, where fertilization takes place. There is first a 
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Life-cycle of a fresh-water clam. The glochidium clamps its valves tightly into the tissues of its 
host and in some way stimulates them to grow around it, thus forming the so-called “blackheads” of 
fish. After S-12 weeks of parasitic life, the young clam falls off and becomes indej)endent. (Based 
on Lefevre and Curtis) 

trochophore and then a veliger larva. (The glochidia of fresh-water clams 
correspond to the veligers of marine types.) 

CEPHALOPODS 

T he most highly organized mollusks are the nautiluses, squids, and 
octopuses — all marine and members of the class Cephalopoda. The 
name means “head-footed,” for in these animals the foot, which is divided 
up into a number of “arms,” is wrapped around the head. 

As in gastropods, all degrees of reduction of the shell can be found. 
While the nautiluses have a large, calcareous, external coiled shell, the 
squids have only a thin homy vestige of a shell imbedded in the mantle, 
and the octopuses have no shell at all. 

The squid is one of the most highly developed invertebrates. Certain 
of its structures will be described here to illustrate the ways in which the 
squid has adapted the molluscan body plan to an active, predatory life. 




The molluscan body plan has been modified in the various groups. The digestive tract is shaded, 
the foot is stippled, and the shell is indicated by the heavy black line. 
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Unlike most bilateral animals, which are elongated in an anteropos- 
terior direction, the long axis of the squid is dorsoventral. To compare 



the body with that of a clam, one would have to place 
the squid so that the foot was down and the pointed 
end up. The functional upper surface of a swimming 
squid is structurally the anterior surface. The func- 
tional under surface is structurally posterior. Thus, a 
squid usually swims with the ventral surface forward, 
the dorsal surface hindmost, the anterior surface up, 
and the posterior surface down. 

The squid relies for protection not on a heavy shell 
but chiefly on its ability to leave the scene of danger 
in a hurry. The shell is vestigial and is represented 
by a feather-shaped horny plate buried under the 
mantle of the anterior surface. The mantle is thick 
and muscular and has taken on the protective func- 
tion which in other mollusks is served by the shell. 
The mantle is also the chief swimming organ. At the 
dorsal end, its anterior surface is extended into a pair 
of triangular folds or "‘fins,*’ which can be undulated 
to move the animal slowly and to change its direction 
of movement. Ventrally the mantle ends in a free edge, 
the collar, which surrounds the “neck” between the 
head and visceral mass. The collar articulates by three 
interlocking surfaces (ridges which fit into grooves) 
with the visceral mass and with the funnel, a coni- 
cal muscular tube that projects beyond the collar on 
the underside of the head. When the mantle is relaxed, 
water enters the mantle cavity around the edge of the 
collar; and when the mantle contracts, the edge is 
tightly sealed and water is forced out through an 
opening in the funnel. When the squid is excited, the 
mantle is contracted strongly, forcibly expelling a jet 
of water from the funnel. This pushes the animal in 
the direction opposite to that in which the jet is ex- 


The shell of the squid 
is a thin, horny plate 
which lies buried under 
the mantle of the anteri- 
or surface. 


pelled. When the tip of the funnel is bent backward, 
the squid darts quickly forward to seize its prey. When 
the tip of the funnel is directed forward, the animal 
shoots backward like a torpedo; and this is its usual 



' ^ » 





202 


ANIMALS WITHOUT BACKBONES 



Lefty an arm of the squid, showing numerous suckers. 
RighU above, a sucker showing the muscular stalk 
by which it is attached. Right, below, sucker showing 
the toothed, horny ring with which it is lined. 


behavior in escape. When at- 
tacked, it may emit, from a spe- 
cial ink sac which opens into the 
funnel near the anus, a cloud 
of inky material. The ‘‘ink’^ is 
thought to serve as a ‘‘smoke 
screen”; but it has also been sug- 
gested that it forms a dark object 
that distracts the enemy while 
the squid goes off in another di- 
rection. 

The “foot” of the squid is sul>- 
divided into the funnel and ten 
sucker-bearing arms which sur- 
round the mouth. When the ani- 
mal is swimming, the arms are 
pressed together and aid in steer- 
ing. Two of the arms are different 
from the rest and can be extended 
forward to seize the prey with 
their suckers and to draw it to- 
ward the mouth. There it is held 
firmly by the other arms, while 
two strong horny jaws in the 
mouth kill the prey, biting out 
large pieces, which are then swal- 


lowed so rapidly that the radula (which is quite small in the squid) is prob- 
ably seldom used. 
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The active life of the 
squid would not be possi- 
ble with the slow type of 
respiration that serves the 
clam. The contraction and 
expansion of the mantle 
provide a steady and ef- 
fective circulation of water 
through the mantle cavity, 
in which lie the two gills. 

The circulatory system 
is also much improved and 
provides for the rapid dis- 
tribution of oxygen through 
the tissues. The blood flows 
within vessels, which are 
lined throughout with an 
epithelium — not into irreg- 
ular unlined spaces among 
the tissues, as in the clam. 

The tissues are permeated 
with networks of very small 
vessels, the capillaries, 
through the thin walls of 
which gaseous exchanges 
take place rapidly. There 
are separate pumping mechanisms for blood going through the gills and that 
going out to the tissues. The deoxygenated blood returning from the tis- 
sues enters two gill hearts, each of which pumps the blood through one gill. 
This gives the blood a fresh impetus, so that it passes through the gills 
at higher pressure. Freshly oxygenated blood from the gills enters a single 
systemic heart, from which it is pumped out again to the tissues. 

The nervous system of the squid is very highly developed — in sharp 
contrast with that of its slow-moving relative, the clam. A large brain 
encircles the esophagus and lies between the eyes. The brain is unusual 
in that it consists of several pairs of ganglia all fused together, and there- 
fore has several centers of nervous control, which in lower invertebrates 
are spread out over the animal. Besides olfactory organs and a pair of 
structiures that probably aid in balancing, the squid has two large image- 



The eye of the squid (as well as that of man) is called a 
‘‘camera eye” because it is built on the same principle as a 
camera, which consists of a dark chamber to which light is 
admitted only through an opening (pupil) in the diaphragm 
(iris). Behind this opening is a lens which focuses the light on 
a light-sensitive film (retina). 
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perceiving eyes. They are remarkably like the human eye in construc- 
tion but are developed in quite a different way. When two similar struc- 
tures having a similar function appear in two distantly related groups, so 
that there is no possibility of a common ancestor which could have 
possessed such a structure, then the structure must have evolved inde- 
pendently. Thus the eye of the squid and the eye of man are said to have 
arisen by convergent evolution. 



Luminescent squids are mostly deep>-sea forms which live in perpetual darkness. It seems reasonable 
that the light-prodiicing organs serve as lanterns, but this would be diflScult to prove. (Based on Chun) 

The two groups of animals which show the best development of eyes, the vertebrates 
and the cephalopods, also have the most highly developed light-producing organs. In 
some fishes and squids these organs are amazingly complex, having, besides the photo- 
genic cells which produce the light, lens tissue, reflector cells, and a layer of pigment to 
screen the animal's tissues from the light. 

The occurrence of light-producing organs in two distantly related groups like squids 
and fish is no more strange than the convergent evolution of the two groups toward the 
same general type of eye. For bioluminescence, or the production of light by living organ- 
isms, is a widespread phenomenon found in bacteria and fungi and in almost every phylum 
of animals. Its distribution among animals seems quite hit-or-miss, following no special 
evolutionary lines but accompanying certain ways of life. No luminous fresh-water ani- 
mals are known, but animal light is extremely common in marine forms, particularly 
coelenterates and comb jellies. The “burning of the sea“ at night is caused mostly by 
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luminous protozoa, chiefly flagellates (Noctiluca, Ceratium, Gonyavlax). Among lu- 
minescent coelenterates we find many jellyfishes (Liriope), many hydroids (Obelia), 
siphonophores, scyphozoa {Aurelia^ Cyanea), and some gorgonians. Practically all the 
common ctenophores of our coasts produce light (Pleurobrachia, Mneraiopsisy and Cesim). 
Other luminescent invertebrates are ectoproct bryozoans, numerous annelids (polychetes), 
echinoderms (brittle stars), arthropods (crustacea, fireflies, glow worms), besides many 
mollusks (mostly cephalopods). Luminous bacteria and fungi emit a continuous light and 
are responsible for the luminosity of decaying flesh and rotting wood, but most inverte- 
brates shine only when stimulated. In flagellates, medusas, and comb jellies any dis- 
turbance of the water, as by a passing boat, will cause the animals to flash; in the case of 
the firefly (which is really a beetle) there is a definite rhythm of flashing determined by 
internal stimuli and controlled by the nervous system. 

The value of luminescence to living organisms is not clear in most cases. It is thought 
that light from such forms as luminous bacteria is a by-product of metabolism and 
has no significance for the life of the organism. It has been suggested that the light organs 
of squids or fish serve as lanterns, to attract prey or repel enemies; but it is difficult to 
explain why such annelids as ChaetopteruSy which passes its whole life in an opaque tube, 
should be luminous. In the ca.se of the firefly and of certain marine annelids the light does 
seem to serve as a signal to bring the sexes together for mating. 

Only two important steps have been made in our understanding of the physicochemical 
nature of animal light. Long ago it was shown that luminous wood stops glowing when 
placed in a container from which the oxygen is removed. Later it was shown that lumi- 
nescence in the pelecypod, Pholas dactyhiSy is the result of the interaction of two substances 
which were extracted from the luminous tissues of the animal. If a hot-water extract and 
also a cold-water extract are prepared and allowed to stand until the light disappears from 
the cold-water extract, when the two are mixed together light will be produced. The hot- 
water extract is supposed to contain a substance, Imiferiny which is not destroyed by 
heating; the cold-water extract contains an enzyme lucif erase y which is destroyed by 
heating. When the extracts are mixed, the luciferin, in the presence of the enzyme, lucif- 
erase, becomes oxidized, with the production of light. (Luciferin is at first also present in 
the cold-water extract; but it soon becomes oxidized, only luciferase remains, and the light 
disappears. Then, when luciferin is again added, the light reappears until all of the lucif- 
erin is oxidized.) Similar substances have been demonstrated in fireflies, crustacea, and 
many other higher invertebrates. But they have not been shown in the lower inverte- 
brates or in bacteria. 

Another example of convergence between squids and vertebrates is the 
development of internal cartilaginous supports. The squid has a number 
of internal cartilages which support muscles and form interlocking sur- 
faces, but most interesting in this connection is the large cartilage which 
incloses and protects the brain, reminding us of the vertebrate brain 
case. The squid, perhaps more than any other invertebrate, has evolved 
along the same lines followed by the fast-moving predatory aquatic 
vertebrates: large size, streamline shape, rapid locomotion, internal skele- 



206 


ANIMALS WITHOUT BACKBONES 


tal supports, very efficient respiratory 
and circulatory systems, large brain, 
and highly developed sense organs. 

I'lie giant squids are responsible for many 
of the “sea- monster” stories. One of the au- 
thentic cases was a squid encountered by a 
steamboat in the Atlantic early in the nine- 
teenth century. The monster was .50 feet long, 
exclusive of the arms, and was 20 feet in cir- 
cumference at its largest part. Its weight was 
estimated at 2 tons. The resistance of such an 
animal, even though sick, as this one probably 
was, can be judged from this old account : “The 
commandant, wishing in the interests of science 
to secure the monster, actually engaged it in 
battle. Numerous shots were aimed at it, but 
the balls traversed its flaccid and glutinous 

mass without causing it any vital injury 

They succeeded at last in getting a harpoon to 
bite, and in passing a bowling hitch round the 
j)Osterior part of the animal. But when they 
attempted to hoist it out of the water the rope 
penetrated deeply into the flesh, and s^parat^ 
it into two parts, the head with the arms 
and tentacles dropping into the sea and mak- 
ing off, while the fins and posterior parts were brought on board : they weighed about 
forty pounds.” 

B y comparing the clam and the squid, we see that the funda- 
' mental body plan of an animal may become so modified in adapta- 
tion to a special way of life that many of its structures reflect the kind 
of life it leads rather than its relationship to its more typical relatives. 



The giant squids are the largest of all in- 
vertebrates. (After an old engraving from 
Figuier) 
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TImi most typical mollusks ure the chitons, which, though fipecialuKHl in certain respects, give us some idea of 
the kind of animal from which snails, clams, and squids have evolved. The upper surface, lefU is protected by 
eii^t shells which overlap like the shingles on a roof. The under surface, tighiy is occupied mostly by the large, 
oval, fleshy foot, in front of which lies the degenerate head bearing the mouth. Surrounding the foot is the 
mantle, a fleshy fold which roofs over the body and secretes the shell. (Photos of living animal. Bermuda) 
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ChNontocep about on tbenicki. usually At n^t, raving off frii«iiieDts of algae. Most are inactive in tbe day- 
time and letiwt to du^tered places but mme remain dbn^ to eipoaed rodts, wbeie they can be wen when the 
tidebont. 11 » amunon ones range feom leas than an indi long to 9-8 indiea, Hte the smaller one d»wn here. 
Tbe big Crgploekiiim, about 10 mefaes long, is a member of the hugest qiecies of chiton. It has ei^l 

shells, but they are imbedded beneath the surhu*. (Photo of Ihring animals. Pacifc Grove. California) 






9 whelk, Bvceinum^ Ls a gastropod, a member of the dass of mollusks which typically have well-developed 
teral heads and coiled, asymmetrical shelb and viscera. Many gastropods feed like chitons, racing off frag- 
its of vegetation by means of a homy toothed ribbon, the radula; but the whelk is a carnivore, grasping its 
•f with the large muscular foot and then attacking it with a long extensible proboscis which has the radula at 
ip. (The organ seen protruding from the edge of the shell is not the proboscis but the siphon, a tubular pro> 
;ation of the mantle for directing water to the gill.) It uses its proboscis to bore a hole through the hard 
cnr (ff a recently dead crab or lobster. But in attacking a scallop, it simply waits until the valves are agape, 
sticks the edge of its own shell between the open valves to prevent them from dow ing- Then it inatits the 
>oscis and rasps away the soft parts. (Photo of living animal by D. P. Wilson, Plymouth. Gnghmd) 





Land snails are gastropods that have part of the 
mantle ca\nity modified as a lung fm* air4>reathing. 
lliey use their radulas to rasp ofi fragments of f^antii. 
Ihis pair soon reduced to a few shreds the piece of 
lettuce on which they are shown, (Photo of living 
animals. Pacific Grove, California) 



SIlHlS are laiMl gastropods that have lost tiie extem 
shell, having only a thin {date imbedded in the mai 
tie. The slime they secrete and upon which they gtic 
is lubricating and protective, as is demonstimted 1: 
these pictures of a slug passing unharmed over tl 
sharp edge of a razor (Photos by W. La Varre) 



Mafins snails. Periwinlcles {LiUmimm) live at the Fta sh wat a t snail {Am.ptdUKrma from S. AsMth 

water's edge and spend much of their tine in air. viewed finm below as it glides on a pieoe of glass I 

They legist diyng by fetkmg into Uie shell, cbsiiig the meaiis of its broad, mnsciilar food. The eyes aie 

opening with a homy plate on the foot, and secreting short stalks at the bases of the tentacles. This m 

a miiooiis seal around the sfacdl opening. (Photo of breatliesby taking air intoitslungandalsohy net 

living animals by B. Fidier, Pacific Gtxnre, Calif.) of a gill. (Photo of living a nim al by P. S. Tioe) ! 




Impets are gastroi>ods that have reverted to a Underside of a limpet (enlarged three times) shows 
mple caplike shell. They are sluggish animals with the large foot with which it creeps about on rocks, 
abits like those of cliitons. About natural size. The head has two stout sensory tentacles. 



ey-hote limpet, Megathura (5 inches long). The Abalone, Haliohs (8 inches long), Ls a gastropod with 
ack mantle almost covers the shell, which has a a flattened spiral shell. The row' of }k)Ic.s in the large 
ntral opening for escape of the respiratory current. whorl is for the outgoing respiratory current. 



balonft shell heaps indicate the extent to which Underside of abalone shows the large muscular foot 
lese large and delicious mollusks are eaten. The and the numerous sensory projections. (Photos on this 
)lorfiil pearly layer of the shell is made into jewelry. page of living animals. Pacific Grove, Calrfoniia) 
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Nudibranchs art' slujjlikt' mariru^ gastropods tliat have small coiled ,sh(*l!s as embryos but later lt>s(' their slu lls. 
uncoib aud develop symmetrically on the two sides — at least cxtenially. 1 liey ha\<' lost the true molhiscan gills 
and breathe through the featliery tuft on the upper surface lu'ar the posterior cud. Most of them live among sea- 
weeds, on which they feed, l)ul some <‘at .sf)ong(‘s. d'hough they lik(' uinu1(T<‘st ing lilll<' lumps of tleslj in tins 
black -and- whit(‘ photograph, their lovely and often bizarre shapes, s<;ft texture.s, ajid delicatt* cok)rs earn tliem a 
place among the mo.st lK’!Hiitiful of all invertebrates. (]*hoio of living animals. Pacific Grove, (’ailfornia) 





Pteropods arc marine ga.strc>pods that swim in the open ocean by flapping finlike extensions of the fo<d. The 
uncoiled, vasdikt^ shell is thin and tranRfmrefil. Pteropods nsnafly swim together in enormous numbers, and n 
northern waters some sj>ecies ai-e so abundant as to furnish fof)d for wlmh's (Photo by William Peel)e) , 
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Fr#«li-w«t«r clams can plow slowly through the sand or 
mud with the muscular foot; hut they spend roost of their time 
in one place, with the ligament up, the shells slightly agape, 
and the openings for water currents protruding (as ro the clam 
at the left). Water is drawn in. strained of its load of minute 
food organisms, and then expelled. (Photo of living animals- 
Courtesy Shedd Aquarium. Chicago) 


Horaa-hoof clam (Hippopus) lies with 
ligament down. It has a degenerate foot 
and nev'er moves. A foot long, and one of 
the largest of clams, it is dwarfed by the 
giant dam, Tridacna, which may be 5 feet 
long and weigh oOO ix>un<is. (Photo of liv- 
ing animal by Otho Webb. Australia) 
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Scallop* {Ptdtn) swim about emtically by cUpping the two sheila. Both mantle e^ haw a row 

.blue eyes, which show heie as bright in the uppermost scan<H>. The Ui^ muscle ^t the sheUs is 

the only part of a scallop that is eaten. (Plioto living animals. Woods Hole, MassachusetU) 





small part of the anterior end of the body, have a ridged an( 
roughei^ surface and are used for the boring. The animal 
feed on wood particles, as well as on minute organism 
brought in by the respiratory current. Every year .shipworm 
do millions of dollars’ worth of damage to wooden wharf pil 
ings and ships. (Photo of preserved specimens, 3 X nat. size 

Clams, oysters, and other mollusk.s are our largest inverte 
brate source of food. In the United States, squids are used b; 
tlie ton for fish bait, but cephalopods are seldom eaten b; 
man. In oriental and Mediterranean countries, squids, cuttle 
hshes, and octopuses are popular articles of the human diet 




*earl buttons are cut from the Mholls of frcsh-wator Pearls from fresh-water clams are irregular, but 

‘lams. 1 hoiisands of tons of shells are used aniiuall\' (Kcasioiial valuable one.s are found. IVarls are protee- 

Jor this pur|>ose, and in tlu* 1 .S. come mostly from live secretions made of the same substanc<^ that lines 


he Mi.ssissippi VaJley. (Photo by C:ornelia- ( -larked the shell of the bivalve, (Photo by t'ornelia PlarktO 



Pearls from marine bivalves, like the jx^arl oyster, are the most valuable. About one thousand oysters arc 
oi>ened to find one f)earl. Left, highly value<l black pearls from the Gulf of Mexico. Right, mother of pearl covers 
a fish tshn-h t^ceame lodged bctwecm the shell and the mantle. rPlioto courtesy American Museum Nat. Hist ) 




calcareous plate imbedded in tlic fb^sliy mantle, is the cuttlelMme given to cage binls 
as a source of lime salts. Tlie contents uf the ink sac provide a rich brown pig- 
ment, sepia, used by artists. (Photo of living animal by Raoul Barba, Monte Carlo) 



Squid iLoligo) of Kast 
Coast. (Living animal 
Woods Hole, Mass.^ 

Sucker marks on the 

skin of a whale tell of an 
encounter ladween this 
largest of vertebrates, 
and the largest of inver- 
tel)raU‘s, a giant squid, 
which may be over oO 
feet long. (Blioto by 
L. L. Rob!)ins) 



Th® nautilus, in section. Tie animal occupies the laat chamber of the coiled shell Large squid* (Pacific 
and protrudes its arms to catch cral>s and other animab. It lives in deep water in Grove, California) 
the South Pacific. (2/3 natural size.) (Photo courtesy Amer. Mus. Nat. Hist.'i 




The octopus is a cephalopod with no trace of a shell. It moves by pulling itself over the rocks with its arms or 
by forcibly expdiing water from the funnel. Its sinister reputation may be deserved by certain of the giant 


octopuses; but most of them, like this species {Octopus vulgcaris, ^ natural siae). make for the nearest rocky 


crevi(% at the approach of a large animitJ like man. The sucker-bearing arms seise crabs, whose diells are then 


broken open by a pair of homy jaws and the radula. (P^oto of living animal by D. P. Wilson . Hymouth, England; 


Eggs of the octopus are each incased 
in a capsule, and in this species are laid 
in a duster. One end of each capsule Is 
attadied to a stone or other object, Tlie 
female octopus broods over the eggs. 
The development of the octc^us (and of 
other cephalopoda) is highly modified by 
the large amount of yolk in the egg and 
is different from that of all other mol- 
ludes. There is no free-swimming larval 
stage, the young octopus hatching di- 
rectly from the egg capsule. In the 
young octopuses shown here on either 
side of the egg duster, notice the promi- 
nent pigment bodies, whose contraction 
or expansion, under nervous control, 
effect rapid changes in the color of the 
animal. (Photo of preserved specimens. 
Courtesy Gen. Biol. Supply House) 




CHAPTER 19 



SEGMENTED WORMS-NEREIS 

W E FREQUENTLY refer to the ‘‘average inan^’ or the “aver- 
age student,” Biologists who have given some thought to the 
selection of an “average animal” have found little difficulty in 
deciding upon some kind of segmented worm as the animal which would 
occupy the middle position on a scale of increasing complexity from proto- 
zoa to insects or vertebrates. In spite of minor differences of opinion in 
choosing a particular form, the final vote would go neither to the earth- 
worm nor to the leech, the segmented worms most familiar to everyone, 
but to some less specialized worm, like the nereis. 

The Nereids of Greek mythology were sea nymphs, usually represented 
in the female human form. Their invertebrate namesakes are marine 
worms, probably beautiful only to zoologists, but certainly graceful as 
they swim through the water by gentle undulations of the body. The com- 
mon nereis of our New England coast grows to a foot or more in length 
and lives under stones or in temporary burrows in the mud or sand be- 
tween tidemarks. 

The most noticeable feature of the nereis, as of the earthworm, is the 
ringing of the body, which is not merely external but involves nearly all 
of the internal structures. The name of the phylum to which the earth- 
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worm, the leech, and the nereis belong is ANNELIDA (“ringed”)- The 
ringed condition is more often known as segmentation, and each ring is 
called a segment. 



Diagram to empliasize the repetition of part,s in the annelid body plan. 


Except for the head and the last segment, all the segments of the nereis 
are externally alike. They have on each side a projecting appendage or 
parapod (“side foot”), consisting of flattened fleshy lobes from which 
protrude bundles of homy bristles. In addition to the undulations of the 
whole body, a swimming nereis uses its rows of parapods as a series of 
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locomotory paddles. The bristles are sharp and probably serve a pro- 
tective function, as well as enabling the animal to obtain a hold on the 
smooth walls of its burrow. 

Although well equipped for swimming, the nereis spends most of the 
time in its burrow in the sand, with only the head occasionally protruding 
above the surface. Gentle undulatory movements of the body create a 
current through the burrow, bringing the worm chemical stimuli from 



ve^tra^ nerve cord longitudinal muscles 


A three-dimeu.sional cross-section through a nereis. The coelomtc lining is omitted. Tlic 
muscles of the intestinal wall are shown. 


food organisms located near by and also constantly renewing the water for 
respiration. In feeding, the worm has been seen to extend the anterior part 
of the body from the burrow, seize its prey with two strong, homy jaws 
(borne on the end of an eversible pharynx) and drag it into the burrow. 

^ The outer covering of the nereis is a horny but flexible cuticle, which is 
secreted by the underlying ectodermal epithelium, or epidermis. (Be- 
neath the epidermis is a layer of circular muscles, then a layer of longitu- 
dinal muscles j and finally a thin lining layer of mesoderm cells (the coelom- 
ic lining discussed below). Together these various layers constitute a 
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definite body wall. They run the length of the worm and are divided up 
by the segmental partitions. More clearly segmental are the bundles 
of oblique muscles which run in each segment from the mid-ventral line 
to the parapods, which they move. 

To describe one segment of a nereis is to describe nearly the whole 
worm. Only the digestive system shows much differentiation from an- 
terior to posterior ends. The mouth leads into a pharynx, on the inner 
walls of which are the two large jaws already mentioned. When the 
pharynx is turned inside out and extended through the mouth, the jaws 
grasp the food, which is then swallowed by withdrawing the pharynx. 



Leftf liead of the nereis seen from above. Right, the j)harynx everted. 


Behind the pharynx the digestive tube narrows to an esophagus, which 
runs through several segments and into which opens a pair of glandular 
pouches, the digestive glands. From the esophagus a long, straight in- 
testine runs the length of the body to the anus in the most posterior seg- 
ment. ( The structure of the digestive system presents a definite advance 
over the condition in the nemerteans in that outside of the digestive 
epithelium, but in the wall of the digestive tube itself, are thick muscle 
layers. The contractions of these muscles produce a succession of rhyth- 
mic waves of constriction, a type of muscular activity called peristalsis, 
which push the food along, independently of movements of the whole 
body.; 

Between the digestive tube and the body wall of the nereis is a definite 
space, called the body cavity or coelom, which is lined completely by a 
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sheet of mesoderm cells, the coelomic lining. One important advantage 
of the coelom is that it separates the intestine from the body wall and thus 
permits a freer play of the body- wall muscles. As already mentioned, this 
also allows the muscles of the digestive tube to push food along inde- 
pendently of the movements of the body. The coelom is filled with a fluid 
which contains ameboid cells and many dissolved substances. The coelom- 
ic fluid bathes all of the internal organs and thus serves a role similar to 
that of the circulatory system, even though it has no direct connection 
with that system. The coe- 
lom also plays a role in excre- 
tion and in reproduction, as 
we shall see later. 

Behind the esophagus the 
coelom is not a continuous 
space but is divided up, by 
the partitions of coelomic 
lining, into a series of cham- 
bers that correspond to the 
external segmentation. 

The coelom arises by the 
formation of a pair of spaces 
in the embryonic mesoderm 
of each segment of the body. 

These spaces enlarge, and 
are lined by a thin layer of mesoderm, giving rise to a series of coelomic sacs. 
The inner walls of these sacs envelop the digestive tube; and where they 
meet in the mid-line, they form a double layer of coelomic lining, the 
mesentery, which supports the gut above and below. In the nereis, and 
in many other annelids, the ventral mesentery (the part below the di- 
gestive tube) is present only in the embryo. It disappears in the adult, and 
right and left coelomic spaces are confluent below the digestive tube. 

The presence of a coelom is considered of such importance that we often divide animals 
into two large groups, those with a coelom and those without it, categories which corre- 
spond roughly with what we mean when we talk of the “higher** and “lower” invertebrates. 
A space between the digestive tube and body wall occurs in many of the phyla we have 
studied already. But in such groups as the roundworms and rotifers it has no definite 
mesodermal lining and therefore cannot be considered a true coelom. In ectoproct bryozoa, 
brachiopods, arrow worms, phoronidea, and mollusks the body cavity is a coelom. In mol- 
lusks it is reduced, for the most part, to the cavity surrounding the heart. 



Diagram of an annelid showing the coelom and its lining. 




The digestive system of the nereis is specialize<l only at the anterior end. 


The general type of body structure seen in the nereis — with a muscular body wall 
separated from a muscular digestive tract by a space lined with mesoderm — occurs in 
all vertebrates. In man the coelom is divided into an abdominal cavity, a cavity sur- 
rounding the heart, and two cavities which contain the lungs. The coelomic lining of 
animals is also called the ‘'peritoneum”; and when it becomes infected in man, as from 
a ruptured appendix, the serious condition that results is known as “peritonitis.” 

The circulatory system of the nereis does a much better job than the 
crude apparatus which we saw in nemerteans. The main vessels are a 
median dorsal vessel, which runs above the digestive system, and a me- 
dian ventral vessel, which runs just beneath the digestive system. These 
two longitudinal vessels are connected with each other through the trans- 
verse segmental vessels which they give off in each segment. Dorsal and 
ventral branches of the segmental vessels go to the intestine, parapods, 
and body wall and there branch and rebranch repeatedly, finally joining 
each other by way of an intricate network of very fine vessels, the capil- 
laries. The walls of the capillaries are composed of only a single layer of 
flattened epithelial cells and are similar in structure to the capillaries of 
man. Their thin walls permit a rapid exchange of dissolved food sub- 
stances, nitrogenous wastes, and respiratory gases. Their extensive ramifi- 
cation insures that substances are delivered almost “at the door” of every 
cell and do not have to move long distances by the slow process of dif- 
fusion. 

Extensive branching does not of itself make a good circulatory system, 
for, as the name of the system implies, the blood must be in constant cir- 
culation. In the nemerteans this is accomplished by an indirect and ineffi- 
cient method. Waves of muscular contraction passing down the body 
press on the mesenchyme layer, which in turn pushes against the walls of 
the blood vessels, forcing the blood along. In the nereis the median dorsal 
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coelom 


The intestine of the nereis is not imbedde<l in mesenchyme, as in flat worms and nemerteans, but is 
surrounded by the coelomic cavity. Most of the middle portion of the worm has been omitted. 

vessel and the lateral branches have muscular walls and are themselves 
contractile. Rhythmic waves of muscular contraction, of a peristaltic na- 
ture like those of the intestine, run along the dorsal vessel from behind 
forward, driving the blood anteriorly. The blood flows posteriorly in the 
noncontractile ventral vessel. 

Besides a good circulatory system to distribute the oxygen after it has 
entered the blood, large and active animals require an extensive respira- 
tory surface which is freely exposed to oxygen, cither of the air or dis- 
solved in water. In the nereis the amount of body surface exposed to the 
environment is enormously increased by the thin, flattened parapods, 
within each of which is an extensive network of capillaries. The capillary 
beds of the parapods and of the dorsal and ventral body walls lie very 


median dorsal vessel 



The main segmental blood vessels of the nereis are those to the parapods, where the blood is 
aerated, and those to the intestinal wall, where food enters the blood to be distributed to other tissues. 
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The nervous system of the nereis is clearly 
segmental. All segments arc alike, except at the 
anterior end. 


close to the surface and, as the 
blood passes through them, it re- 
ceives oxygen from the surrounding 
water and gives up carbon dioxide 
collected from the tissues. The oxy- 
gen-carrying capacity of the blood 
is increased by the presence of he- 
moglobin, which is dissolved in the 
fluid instead of being contained 
within cells, as in some nemerteans 
and in vertebrates. 

The excretory system is seg- 
men tally arranged. A pair of ex- 
cretory organs lies on the floor of 
nearly every segment. Each organ 
consists essentially of a tube which 
opens at one end by a ciliated fun- 
nel into the coelom and at the other 
end by a pore to the exterior. Wastes 
extracted from the blood which 
passes through ‘the excretory organ 
and also from the coelomic fluid, 
with which the organ communicates 
through its internal open funnel, 
are swept to the exterior by means 
of cilia lining the excretory tube. 

The excretory organs of annelids are 
called nephridia (singular, nephridium). In 
the nereis the excretory tube is coiled 
through most of its length, and the coils are 
compacted within a granular oval mass. The 
external pore lies at the base of the para- 
pod. The internal end runs forward, passes 
through the coelomic partition, and opens 
into the coelomic chamber just anterior to 
that in which lie the main body of the organ 
and the external pore. Microscopic particles 
in the coelomic fluid are wafted into the 
opening of the funnel by beating of the cilia 
around its edge. 
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The concentration of nerve 
cells into a central nervous 
system with a brain and nerve 
cords marked the advance of 
the flatworm nervous system 
over that of coelenterates. In 
the nereis this tendency toward 
centralization is carr^d still 
farther. The head bears two 
pairs of eyes and several pairs 
of projections, which are sensi- 
tive to touch and to food and 
other chemicals in the water. 

With so many sense organs at 
the head end, there is an in- 
crease in the size of the brain. 

But the brain is only the first 
and the largest of a series of 
compact masses of nerve cells, 
or ganglia, which occur in 
each segment of the body. The 
head ganglion or brain lies abovei the pharynx and connects, by a ring of 
nervous tissue, with another large ganglion lying below the pharynx/ From 
this first ventral ganglion the nerve cord runs posteriorly, and in each 
segment enlarges into a segmental ganglion, which gives off nerves to 
the muscles of the body wall and parapods. Each segmental ganglion is 
like the governor of a state ; while the brain, which receives and co-ordinates 
the various impulses coming from certain of the sense organs on the head, 
is like the chief executive of a nation. 

The primitive brain, as we saw it in the planaria, served chiefly as a sensory relay — a 
center for receiving stimuli from the sense organs and then sending impulses down the 
nerve cord. This is also true of the nereis, for, if the brain is removed, the animal can still 
move in a co-ordinated way — and, in fact, it moves about more than usual. If it meets 
some obstacle, it does not withdraw and go off in a new direction but persists in its un- 
successful forward movements. This very unadaptive kind of behavior shows that in the 
normal nereis the brain has an important function which it did not have in flatworms — 
that of inhibition of movement in response to certain stimuli. 

The reproductive system is very simple. Sex cells are budded oflF from 
the coelomic lining in most of the segments. Sexual maturity generally 



The eye of the nereis is advanced over that of a pla- 
naria. In addition to the layer of pigmented light-sensi- 
tive cells (retina) there is a gelatinous lens which con- 
centrates the light upon the specialized rodlike ends of 
the sensory cells. The other ends of the cells are con- 
tinued as nerve fibers which run in the optic nerve to 
the brain. (Based partly on Kukenthal) 
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An annelid irochophore. (After 'VVoltererk) 


most identical, cell for 
cell ; and the trochophores 
that result are similar in 
many respects. Beyond 
the trochophore stage, 
however, marked differ- 
ences begin to appear and 
the adults are very un- 
like. The close relation- 
ship thought to exist be- 
tween these two phyla 
would never have been 
suspected except for the 
similarities of their tro- 
chophores. 


occurs at some definite season of the 
year, and at this time the worms 
leave their burrows and swim near 
the surface. The males are attracted 
to the females; and as the females 
burst and shed their eggs in the sea 
water, the males discharge their 
sperms. After the sex cells are shed, 
the worms die. 

The fertilized egg of the nereis de- 
velops into a ciliated larva called a 
trochophore. This larva is of con- 
siderable theoretical importance be- 
cause the same type occurs in several 
phyla. Few animals seem farther 
apart in adult structure than a seg- 
mented worm and a snail. Yet their 
early stages of development are al- 



€Kcr«(;ory organ 
primitive mesoderm 


Section through a typical trochophore. (Modified after 
Shearer) 
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The most remarkable of the embryological resemblances that link the annelids and mol- 
lusks is the origin of the mesoderm in the two groups. The early stages of development of 
certain embryos have been followed so closely that each cell has been numbered and 
mapped. As a result of this extremely painstaking kind of work it is possible to trace the 
“cell lineage” of any portion of the early embryo. The adult mesoderm comes from a 
single cell (the “4d” cell), which arises in the same way in both annelids and moUusks. This 
cell divides into a pair, the primitive mesoderm cells (shown lying against the wall of the 
intestine and near the opening of the larval kidney in the diagram of the trochophore). 
These give rise to two bands of mesoderm, which finally become hollowed out to form 
the coelom of the adult. 



Development of an annelid. A, the trochophore is elongating at its lower pole. B, the first 
segments are indicated, which in C are clearly constrictecl and already bear the larval bristles. (Mod- 
ified after Mead) 


When the young nereis hatches from the egg membrane, it has already 
passed the trochophore stage and has three segments with bristles. The 
“typical trochophore” usually described is present in only a few annelids, 
but it is thought to represent the more primitive condition. Its most 
characteristic structure is a ciliated band about the equator, which serves 
as the chief organ of locomotion and also directs a food-bearing current 
toward the mouth, which lies just below. At the upper pole is a group of 
sensory cells from which arises a tuft of cilia. Some trochophores have a 
tuft of cilia at the lower pole also. Internally the larva has a complete 
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digestive tract with esophagus, large bulbous stomach, and a short in- 
testine that opens through an anus at the lower pole. The larval excretory 
organ contains a flame cell and an excretory tube which opens near the 
anus. 

The development of the annelid trochophore into the adult worm be- 
gins with the elongation of the lower region of the trochophore. The elon- 
gated region becomes constricted into segments which soon develop bris- 
tles. The ciliated bands disappear, and the upper part of the trochophore 
becomes the head. The young worm then settles to the bottom, takes up 
a burrowing life, and continues to grow throughout life by the addition of 
new segments in a region just in front of the last segment. 

Various hypotheses have beeu devised to explain the origin of segmentation, i)nt tliere 
is not enough evidence to he able to decide among them. One states that, primitively, all 
of the organ systems had repeated parts whieli were spread out over the entire body. 
The development of crosswise partitions, however they arose, divided the body into 
segments, each segment receiving representatives of each system. One basis for this 
hypothesis is the fact that in the planaria and many other animals, structures such as the 
testes, yolk glands, and the cros.s-connections between the two nerve cords are repeated 
along the body, and all that is needed is the development of partitions to produce a seg- 
mented condition. Further, in the embryological development of the nereis and other 
segmented forms, the partitions appear after the basic .segmentation is already laid down. 

Another hypothesis assumes that each .segment represents a subindividual which was 
prcxiuced by asexual budding, as in the planaria, and which failed to detach. In the de- 
velopment of such a flatworm as Microfttomum (see p. Jd3), chains of as many as sixteen 
subindividuals form before any break away. A segmented animal, according to this view, 
is a chain of completely co-ordinated .subindividuals. This hypothe.sis suffers the disad- 
vantage that in a developing annelid the segments do not ari.se in this way. 

Segmentation in one phylum of animals is not nc'ce.s.sarily the same as in another. 
Hence, we cannot expect to d<*vi.se one explanation for all the events of .segnuMitation, 
and we cannot point to the common anc*estor of all segmented animals, because segmenta- 
tion probably arose independently in more than one line of evolution. 

S EGMENTATION seems to have the same general advantages as the 
> dividing-up of the animal body into cells, namely, there is the possi- 
bility for the different segments to specialize in different functions. In 
the nereis the segments are practically all alike, and this is the primitive 
condition. In other segmented animals there are varying degrees of spe- 
cialization, some of which are very extreme. 
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EARTHWORMS AND OTHER ANNELIDS 


T he earthworm caught by the early bird is no early worm but one 
that stayed out too late, for earthworms are nocturnal animals, 
emerging only at night and retreating underground in the morn- 
ing. Even at night they usually do not leave their burrows but protrude 
the anterior part of the body in .search of the seeds, leaves, and other parts 
of plants on which they feed while the posterior end maintains a firm hold 
on the burrow. These retiring habits have probably contributed to the 
marked success of an animal that is quite helpless above groimd. Since 
earthworms are adapted to living on so abundant and widely distributed 
a food as the decaying organic matter of the soil, it is not surprising that 
they occur in countless numbers in moist soils all over the world. Ever 
since Darwin made their activities the object of a careful study and con- 
cluded that “it may be doubted if there are any other animals which have 
played such an important part in the history of the world as these lowly 
organized creatures,” it has been recognized that the work of earthworms 
is of tremendous agricultural importance. 
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Earthworms spend most of their time swallowing earth below the sur- 
face and depositing it on the surface around the mouths of their burrows 
in the form of the “castings,” familiar to everyone. In loose soil the bur- 
row may be excavated simply by pushing the earth away on all sides, but 
in compact ground the soil must actually be swallowed. In moist and 
rainy weather the worms live near the surface, often doubled up on them- 
selves so that either mouth or anus can be protruded. But in cold weather 
they plug the ofjening of the burrow and retreat into its deepest part, 
which usually ends in a chamber where one or several worms, rolled up 
together into a ball, pass the winter. In very hot weather, also, they live 
far from the surface, thus avoiding drying. 

The swallowing of earth is not alone a means of digging burrows. The 
soil passed through the digestive tract contains organic materials of vari- 
ous kinds: seeds, decaying plants, the eggs or larvas of animals, and the 
live or dead bodies of small animals. These are digested, while the main 
bulk of the soil passes through. When leaves are abundant on the surface, 
the worms drag them into the burrows, and few castings are thrown up. 
When few leaves are taken in as food, the amoimt of castings increases. 

The eiffects of the worma on the soil are many. The earth of the castings is exposed to the 
air, and the burrows themselves permit the penetration of air into the soil, improve 
drainage, and make easier the downward growth of roots. The thorough grinding of the 
soil in the gizzard of the worm and the sifting out of all stones bigger than those that can 
be swallowed is the most effective kind of soil “cultivation.'* The leaves pulled into the 
ground by earthworms are only partially digested, and their remains are thoroughly mixed 
with the castings, adding organic matter. The excretory wastes and other secretions of the 
worms also add organic material, enriching the soil for future plant growth. In this way 
earthworms have helped to produce the fertile humus that covers the land everywhere 
except in dry and certain other unfavorable regions. 

The quantity of earth brought up from below and deposited on the surface has been 
estimated to be as high as 18 tons per acre per year, or, if spread out uniformly, about 2 
inches in 10 years. Seeds are covered and so enabled to germinate, and^stones and other 
objects on the surface become buried. In this way ancient buildings have been covered 
and so preserved, much to the advantage of archaeologists. 

Externally the earthworm differs from the nereis in its adaptations to a 
subterranean life. As in other burrowing animals, the body is streamlined 
and has no prominent sense organs on the head or any projecting append-* 
ages on the body which would interfere with easy passage through the soil. 
On each segment are four pairs of bristios* or setas^ which protrude from 
four small sacs in the body wall and are extended or retracted by special 
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muscles. The bristles are used to anchor the worm firmly in its burrow, 
as can be readily discovered by trying to pull one out. But their main 
function is locomotion. The worm works its way along by extending the 
anterior part of the body, taking hold by means of the bristles, and by 
expansion of the body, then retracting the bristles of the posterior region 
and drawing up the posterior part of the body. 

The lack of prominent sense organs on the head does not mean that the 
earthworm is insensitive to stimuli but only that there is no concentration 
of sensory cells into highly specialized organs at the anterior end. As in 
the nereis, cells sensitive to light, touch, and chemicals occur among the 
epithelial cells of the epidermis. 

The absence of definite eyes, in an animal belonging to a phylum in which well-devel- 
oped eyes are common, is not unusual. Almost all animals that live in complete darkness 
have degenerate eyes or no eyes at all; examples are burrowing forms like the earthworm 
or mole, cave animals like certain fish and crayfish, and nocturnal forms like many beetles. 

The light-semitive cells of the earthworm are absent from the ventral surface and are 
most abundant at the anterior and posterior ends, the regions most frequently exposed to 
the light. Thought to be organs of ioitck, probably because they occur all over the body, 
are groups of from thirty-five to forty-five cells, each with a hairlike process which projects 
through the cuticle covering the surface. Perhaps they are also sensitive to chemicals and 
to changes in temperature^ stimuli to which earthworms respond. Taste cells probably 
occur in the mouth and pharynx, since the worms seem to show definite food “preferences’ ' 
— ^neglecting cabbage if celery is also offered, and passing up celery if carrot leaves are 
available. The sense of smeU is very feeble; and the worms are unresponsive to sounds 
which requires a complicated receiving apparatus not found in lower animals. More im- 
portant for a subterranean animal is the ability to detect vibrations transmitted through 
solid objects. To these, earthworms are extremely responsive. It is said that one way to 
collect earthworms is to drive a stake into the ground and then move it back and forth, 
setting up vibrations in the ground, which cause the worms to emerge from their burrows. 

The central nervous system is essentially the same as that of the 
nereis. A brain (suprapharyngeal ganglion) lying above the pharynx con- 
nects by two nerves with a large ganglion (subpharyngeal ganglion) lying 
below the pharynx. These two ganglia send nerves to the sensitive an- 
terior segments and are considered to be the “higher centers.” The brain 
is supposed to direct the movements in response to sensations of light and 
touch which it receives; but if it is removed, the behavior of the worm is 
affected little. After removal of the lower ganglion the worms no longer 
eat, and they cannot burrow in normal fashion. From this first ventral 
ganglion the double nerve cord runs to the posterior end of the body, en- 
larging in each segment to a double segmental ganglion from which nerves 
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go to all parts of the segment. Each ganglion serves as a center which 
receives impulses coming from sensory cells in the skin and sends im- 
pulses that result in contraction of the muscles. 

The ganglia co-ordinate the impulses so that the longitudinal muscles relax while the 
circular muscles contract, or the opposite. Without this arrangement the two sets of 
muscles might only counteract each other’s activities, and no movement would result. 
The smooth muscular waves which pass down the body in the ordinary creeping move- 
ments of the earthworm are not controlled by the large ganglia at the anterior end, for 
almost any sizable piece of an earthworm will creep along as well as a whole worm. The 
co-ordination is thought to be achieved through impulses relayed from one segment to 
another by nerve cedis in the cord whie*h run from one ganglion to the next. Since there is 



1st ventral ganglion ^segmental nerves 


Anterior end of the earthworm, showing the nervous system. The digestive system is drawn as 
if transparent. 

a certain amount of delay involved in the tran.sfer from ganglion to ganglion in this chain- 
like suetjession of connecting fibers, these impulses travel very slowly. If measured as the 
speed of travel of the waves of thinning or thickening in the body of a moving worm, the 
rate is only about 1 inch per second. Besides the ordinary creeping movements earthworms 
can suddenly contract the whole body in response to strong stimulation of any region. If 
the anterior end is extended from the burrow and receives some unfavorable kind of stimu- 
lus, the longitudinal muscles contract as a whole, and the worm disappears into its burrow 
almost instantly. Such a response requires very rapid nervous transmission, and we do 
find certain “giant fibers” in the ventral nerve cord which pass over long distances or even 
throughout the length of the cord. The speed of transmission in these giant fibers has been 
estimated at 1.5 yards per second. The speed is about the same in the giant fibers of the 
nereis but may be almost 10 yards per second in some of its relatives. These figures seem 
very low when compared with the rate of nervous conduction iiji the motor nerves of man, 
in which impulses travel at about 100 yards per second. 
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The digestive system is diflferentiated into a number of regions, each 
with a special function. Food enters the mouth, is swallowed by the ac- 


tion of the muscular pharynx, and then passes 
through the narrow esophagus, which has 
on each side three swellings, the calciferous 
glands. These glands excrete calcium car- 
bonate into the esophagus and in this way 
dispose of the excess calcium obtained from 
the various salts present in the food. The 
esophagus leads into a large, thin-walled sac, 
the crop, which apparently serves only for 
storage, since the food undergoes no impor- 
tant change and does not remain there very 
long. Behind the crop is another sac, the 
gizzard, with heavy muscular walls which 
(aided by mineral particles and very small 
stones swallowed by the worm) grind the 
food thoroughly. From the gizzard the food 
passes through the intestine, which continues 
practically uniformly to the anus. In the in- 
testine the food is digested by juices from 
gland cells of the lining epithelium. The roof 
of the intestine dips downward as a ridge or 
fold (the typhlosole), which increases the di- 
gestive surface that comes in contact with 
the intestinal contents. The digested food is 
absorbed into the blood vessels of the intes- 
tinal wall, and from there distributed to the 
rest of the body. 

The circulatory system is very similar to 
that of the nereis. A median contractile dor- 
sal vessel, which lies on the digestive tube 
and accompanies it from one end of the body 
to the other, is the main collecting vessel. In 
it the blood flows forward, propelled by 
rhythmic peristaltic waves. A median non- 
contractile ventral vessel, suspended from 
the digestive tube by the ventral mesentery, 
is the main distributing vessel. In it the blood 



Digestive system of the earthworm. 

The three pairs of swellings on the 
esophagus are the calciferous glands. 
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flows backward and out into branches which supply the various organs. 
In almost every segment blood flows from the ventral to the dorsal vessel 
through capillary beds of the body wall, digestive tract, and nephridia. 
In the region of the esophagus the dorsal and ventral vessels are connectt‘d 
directly through five pairs of enlarged muscular transverse vessels, the 
hearts, which pump the blood through the ventral vessel. Valves in the 
dorsal vessel and hearts prevent the blood from backing up during irregu- 
lar contractions. 

Branches of the transverse segmental vessels supply blood to the capillary beds of the 
nephridia and body wall. This blood is then returned to the dorsal vessel. In segments 
7-11 this is reversed; the blood flows downward directly from the dorsal to the ventral 



Anterior end of an earthworm, showing the princij>al blood vessels. Five pairs of hearts surround 
the esophagus. 


vessel through the hearts. In front of the hearts the blootl in the ventral vessel flows for- 
ward to the head; behind the hearts it flows backward and out into the transverse branches. 
The ventral vessel also sends segmen tally repeated branches to the wall of the digestive 
tube, where the blood becomes loaded with absorbed food. From the intestinal wall the 
blood returns through paired segmental vessels to the dorsal vessel. Besides draining the 
body wall and nephridia, the transverse vessels carry blood directly from the subneural 
vessel to the dorsal vessel. The subneural vessel runs below the nerve cord and supplies 
it with blood. Two lateral neural vessels (not shown in the diagram) run one on each side 
of the nerve cord and send branches to the segmental nerves. 

Earthworms are terrestrial animals, but they have not really solved the 
problems of land life; they have merely evaded them by restricting their 
activities to a burrowing life in damp soil, by emerging only at night, when 
the evaporating power of the air is low, and by retreating deep un- 
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Diagraiuniatic cross-section of an earthworm to show the 

main segmental blood vessels. 


derground during hot, dry 
weather. Animals well 
adapted for land life have 
a heavy impermeable skin 
which prevents excessive 
drying, but it also pre- 
vents respiratory exchange 
through the skin. In such 
animals oxygen reaches the 
internal tissues by means of 
special respiratory devices, 
such as lungs. Earthworms, 
on the other hand, breathe 
in the same way as their 
aquatic ancestors. I'hat is 
why they can li*/e for months 
completely submerged in 
water, yet will die if dried 
for a time. The outermost 
layers of the earthworm are 
thin and must be kept moist so that respiratory exchange can occur by 
diffusion through the general body surface, which is underlain by capillary 
networks. Moistening of the surface is accomplished by mucous glands 
which occur in the epidermis and also by the co€*lomic fluid which issues 
from dor ml pores located in the mid-dorsal line in the grooves between 
segments. 

The excretory system is like that of the nereis, with a pair of excretory 
organs, or nephridia, in every segment (except the first three and the 
last). Each nephridium really occupies two segments, because it opens ex- 
ternally by a pore on the ventral surface and internally by a ciliated funnel 
which lies in the coelom of the segment anterior to the one containing the 
body of the nephridium and its external pore. The passage of fluid is 
caused not so much by the cilia lining the nephridial tube as by waves of 
contraction of the muscles in the wall of that portion of the nephridium 
which leads to the external pore. 

The nephridia are not the only means of excretion in the earthworm. 
The coelomic lining surrounding the intestine and the main blood vessels 
is modified into special chloragen cells. Wastes extracted from the blood 
accumulate in the chloragen cells, which finally become detached and 
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float in the coeloinic fluid. Some of the chloragen detritus is removed by 
the nephridia. Some of it is engulfed by the ameboid cells of the fluid, 
which finally wander into the tissues and disintegrate, leaving their wastes 
as a deposit of pigment in the body wall. 
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The organ systems of the earthworm described up to this point have 
shown little or no increase in division of labor among segments over the 
condition in the nereis. The nephridia are identical in all segments in 
which they occur, and the central nervous system is practically the same 
as that of the nereis. The circulatory and digestive systems of the earth- 
worm show some increase in specialization. Certain of the transverse 
vessels are enlarged and modified as hearts; and there are (in addition to 
the pharynx, esophagus, and intestine, also present in the nereis) two 
separate regions: the crop for storage, and the gizzard for mechanical 
breakdown of food. However, the greatest specialization among earthworm 
segments is found in the reproductive system . 

The complexity of the reproductive system is an adaptation to land 
life, where the naked sex cells cannot simply be discharged to the exterior, 
as in the aquatic annelids, but must in some way be protected from drying 
and other adverse conditions during the development of the young. 
Earthworms, unlike the nereis, are hermaphroditic^ each individual hav- 
ing a complete male and female sexual apparatus. This is thought to be 
an adaptation to sedentary life, which provides relatively few contacts 
between individuals. Hermaphroditism makes possible two exchanges of 
sperms, instead of only one, for each meeting of two individuals. 

The sex organs are located in the anterior end of the worm, each organ 
in a particular segment. The male sex cells are formed in two pairs of 
testes, located in segments 10 and 11, and each pair is inclosed within a 
testis sac that communicates with the sperm sac in which the sex cells 
undergo further development. The mature sperms pass back into the 
testis sacs, into the sperm funnels, and through the sperm ducts to the 
two male genital openings on the ventral surface of segment 1 5. Two pairs 
of small sacs, the sperm receptacles, in segments 9 and 10, open through 
pores to the ventral surface. During mating they receive the sperms from 
the other partner. The eggs are formed in a pair of ovaries in segment 13. 
As they attain maturity, they are shed from the free end of the ovary 
into the egg funnels situated on the posterior face of segment 13. These 
funnels lead into the oviducts, which open by two minute pores on the 
ventral surface of segment 14. The beginning of the oviduct has a lateral 
pouch, the egg sac, in which ripe eggs are stored. Behind the sex organs 
is a swollen ring, the clitellum, formed by the thickening of the surface 
epithelium, which contains great numbers of gland cells. These secrete 
mucus which, as we shall see, plays an important role in the protection 
of the developing embryos. 




The reproductive system of the earthworm is highly specialized. The testis sacs are drawn as if 
they were transparent, so that the testes and sperm funnels, located within them, can be seen. The 
sperm ducts actuaDy run beneath the sperm sacs, but have been drawn out at the sides to show their 
connections clearly. The large sperm sacs in segment press down on the coelomic partition, so 
that they appear to lie also in segment 18. 
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The mating process is no simple shedding of the gametes, as in the 
aquatic annelids. At the sexual season, when the ground is wet following 
a rain, the worms may emerge and travel some distance over the surface 
before they mate; more often they merely protrude the anterior end and 
mate with a worm in an adjoining burrow. The two worms appose the 
ventral surfaces of their anterior ends, the heads pointing in opposite 
directions. The clitellum of one worm is opposite segments 9-11 of the 
other, and this is the region of most intimate attachment. Mucus is 
secreted until each worm becomes inclosed in a tubular mucous “slime 



An “ant’s-eye’' view of an earthworm with the anterior end lifted to show the four rows of bristles. 
The thickening of the body wall in the region of the clitellum obscures the external segmentation 
and also the bristles of that region. The position of the clitellum is definite for each species of earth- 
worm. In LumbricuH terreatriff it extends over segments 31 or 32 to 37. 


tube,” which extends from segment 9 to the posterior edge of the clitel- 
lum. When the sperms issue from the male genital openings in segment 
15, they are carried backward (in longitudinal grooves which are con- 
verted into tubes by the presence of the mucous sheath) to the openings 
of the sperm receptacles on segments 9 and 10 of the mating partner. 
Then the worms separate; the egg-laying and fertilization occur later. 

The egg-laying starts when the gland cells of the clitellum secrete a 
mucous ring which glides forward over the body of the worm. As it passes 
the openings of the oviducts (segment 14), it receives several ripe eggs; and 
then, as it passes the more anterior openings of the sperm receptacles 
(segments 9 and 10), it receives sperms which were deposited there pre- 
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viously by another worm in the mating process. Fertilization of the eggs 
takes place within the mucous ring, which finally slips past the anterior 
tip of the worm and becomes closed at both ends to form a sealed capsule 
(sometimes called a “cocoon”). Within the capsule, which lies in the soil, 
the zygotes develop directly into young worms and then escape. As in 
other land animals (and in fresh-water forms as well), there is no free- 
swimming larval stage comparable with that of marine annelids. 

POI.YrilETES 

T he marine bristle worms, such as the nereis, comprise the largest 
and most generalized class of annelids, the Polychaeta, named from 
the many bristles borne upon the parapods. They are among the most 
common animals of the seashore, some living under stones and in the 
mud in tubes or burrows, while others swam freely in the water, especially 
during the breeding season. 

The free-swimming polychetes resemble the ncTeis in hfiving a well- 
differentiated head with prominent sense organs, an eversible pharynx 
bearing horny jaws or teeth, and well -developed parapods. Many of these 
animals, like the nereis, live in burrows but can leave them and build new 
ones. Some of them have a special sexual phase, which in the case of the 
nereids is called a heteronereis. This modified sexual animal looks so dif- 
ferent from the normal burrowing type that it can scarcely be recognized 
as belonging to the same species. The eyes are enlarged, the sensory pro- 
jections shrunken, and the body differentiated into two distinct parts: 
an anterior region with unmodified parapods, and a posterior region 
with parapods that have enormous lobes and flattened, oar-shaped bris- 
tles. These changes are associated with the increased activity of the free- 
swimming sexual form, for the heteronereis does resemble those polychetes 
which are permanently free-swimming. 

In some polychetes the sex cells are formed only in the posterior part of 
the worm. After undergoing changes in shape and color this part breaks 
off, rises to the surface and swims about, shedding the eggs or sperms. In 
the palolo worm of the South Pacific this takes place at a specific time — 
just at dawn one week after the November full moon. The sexual pieces 
rise to the^ surface in countless millions, and the appearance of the water 
at this time has been compared to vermicelli soup. Later it appears milky 
from the eggs and sperms that are discharged. The anterior part of the 
worm, which remains hidden in some crevice in the coral rock when the 
posterior piece breaks off, regenerates the missing parts. On the cor- 
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responding day of the next year, the regenerated posterior end, laden 
with sex cells, breaks away. 

The natives of the Samoan and other islands are familiar with the habits of the palolos. 
They consider them a great delicacy and look forward to their breeding season. When the 
day arrives, they scoop them up in buckets and prepare a great feast, gorging themselves 
just as we do on Thanksgiving day, knowing that there will not be another treat like it 
until exactly the same day of the next year. Actually, there is a small “crop” of swarming 
palolos a week after the October full moon, but it is too small to interest the natives. 

Since the sex cells of animals are capable of being fertilized for only a 
short time after they are released into sea water, the swarming habits of 
polychetes, which provide for the simultaneous release of eggs and sperms 
from a great many closely approximated individuals, are an adaptation 
for insuring the fertilization of the greatest possible number of eggs. In 
addition to the periodicity of the swarming, some polychetes have other 
devices which bring about the simultaneous extrusion of eggs and sperms. 
In the nereids the discharge of sperms is set off by a secretion from the 
swarming female. In the so-called “fire worms’’ of Bermuda the meeting 
of the sexes involves the exchange of light signals. The worms come to the 
surface to spawn each month a few days after the full moon at about an 
hour after sunset. The female appears first and circles about, emitting at 
intervals a greenish phosphorescent glow which is readily visible to ob- 
servers on the beach. The smaller male then darts rapidly toward the 
female, emitting flashes of light as it goes. When the two sexes come close 
together, they burst, shedding the sex cells into the sea water. Then the 
spent worms, reduced to shreds of tissue, perish. It has been suggested 
that the phosphorescent flashes of spawning polychetes were the lights 
seen by Columbus on the night he approached the New World. 

The true tube-dwelling polychetes rarely or never leave their tubes, 
which may be made of mucus hardened to a parchment-like material, of 
particles of sand or shells stuck together by a mucous secretion, oi of lime 
laid down on a mucous framework. These worms have degenerate para- 
pods; their heads, though reduc€‘d, are provided with long brilliantly 
colored tentacles which protrude from the opening of the tube. Some forms 
also have extensible gill filaments, full of circulating blood, which serve 
as respiratory organs. The anterior part of the digestive tube is not eversi- 
ble, and there are no jaws. These worms feed on minute animals or plants 
which are carried toward the mouth by rows of cilia on the tentacles. 

The burrowing polychetes have reduced heads and parapods, as in the 
tube-dwelling types. But they have an eversible pharynx, which in the com- 
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mon lugworm Arenicola, is covered with 
minute papillas and, in addition to its 
use in feeding, serves as the chief organ of 
locomotion through the sand. Arenicola 
feeds like an earthworm, passing large 
quantities of sand through the diges- 
tive system to obtain the organic matter 
mixed with it. The castings can be seen 
on sandy beaches when the tide is out. 

OLIGOCHETES 

T he second largest class of annelids 
is the Oligochaeta (‘‘few bristles”), 
of which more than four-fifths are the 
earthworms and the rest are mostly 
small or minute worms which occur in 
the soil or in fresh water. (This last type is extensively used as fish food and 
is familiar to breeders of pet fish. A hydra can 
be seen eating a fresh-water oligochete in the 
photographs in chapter 7.) 

The oligochetes differ from polychetes in 
several important respects. There are no para- 
pods, and the bristles emerge from pits in the 
body wall. Whereas the polychetes have sep- 
arate sexes and the sex cells are budded off 
from the coelomic lining in numerous seg- 
ments, the oligochetes are hermaphroditic and 
the sex cells are produced in special organs 
which occur only in certain segments. Because 
both groups have clearly marked external seg- 
mentation, share many annelid structures, 
and bear on each side of every segment two 
separate bundles of bristles which are moved 
by muscles and serve in locomotion, they are 
sometimes grouped together as the Chaetopoda 
(“bristle-footed”). These resemblances may 
be the result of descent from a common an- 
cestral group which was more primitive than 



Land leeches live in tropical 
forests, attached to leaves by the 
posterior sucker, with the body 
held erect and prepared to fasten 
on to the first mammal that comes 
within reach. These leeches occur 
in such numbers that horses are 
sometimes driven wild by them 
and men suffer serious loss of 
blood. (After a photograph by 
Heinrich) 
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Giant earthworms are found in tropical 
regions, especially in Australia. MeguKvo- 
lecidca auMralis, in the drawing, may he 11 
feet long. It lives in burrows with volcano- 
shaped openings. (Modified after an old 
cut from Sterne) 
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either polychetes or oligochetes. But if one of the groups is derived from 
the other, the polychetes are certainly the more primitive group and the 


oligochetes the derived group. 

ARCHIANNELIDS 

F ormerly both polychetes and 

oligochetes were thought to have 
evolved from a supposedly primitive 
group of annelids, the class Archian- 
nelida (“primitive annelids”). Now the 
best opinion considers these worms to 
be not primitive but simplified annelids, 
which have lost the external segmenta- 
tion and in most cases also the parapods 
and bristles. Many of them are ciliated, 
a juvenile character retained from the 
trochophore larva. 

LEECHES 

T he leeches, class Hirudinea, have 
no bristles; and the external seg- 
mentation of the body does not corre- 
spond with the internal segments, of 
which there are fewer. The body is solid, 
the coelomic spaces being crowded out 
by the growth of connective tissue. 
There is a definite number of segments, 
for leeches do not add them on through- 
out life, as do other annelids. At each 
end of the body is a sucker, the posterior 
being much larger than the anterior. 



which has the mouth in its center. De- 
spite all the modifications the leeches are 
closely related to the oligochetes and are 


A leech. The digestive tract has large 
side pouches which greatly increusse its 
capacity for blood. The surface of the 


probably derived from them. There is leech is thrown into folds, of which only 
no character of leeches which is not “^7 (indicated by heavy lines in 
present m at least some degree in some ^ 

oligochete. (After Hemingway) 
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Most leeches lead a semiparasitic life, sucking the blood of vertebrates, 
although some of them have lost this habit and feed on small animals. 
They show some of the adaptations for parasitism that were noted among 
flatworms, namely, the development of clinging organs, the suckers, and 
the extreme complication of the reproductive system. On the other hand, 
since they need to swim about to locate victims, they are less modified 
than flukes or tapeworms and have eyes. In sucking blood, a leech at- 




The head of a leech , out a way 

to show the three sawlike teeth 
with which it makes a wound. 
(Modified from Pfurtscheller) 


The three teeth of a leech 
inflict a Y-shaped wound. 
(After Reibstein) 


taches to some vertebrate by the posterior sucker, applies the anterior 
sucker to the skin, makes a wound, often with the aid of little jaws inside 
the mouth, fills its digestive tract with blood, and then drops off, remain- 
ing torpid while digesting the meal. Large blood meals are few and far 
between, but the digestive tract has lateral pouches which hold enough 
blood to last for months. The salivary glands of leeches manufacture a 
substance called hirtidm, which prevents the coagulation of the blood 
while the leech is taking its meal. For this reason a wound made by a 
leech continues to bleed for a long time after the leech has detached itself. 


Above. T it|)e-d welling polychete worm, Chaetopterm^ lives in burrows in the mud 
or sand along the .Vtlantie Coast. The U-shaped burrow, here shown in section, is 
lined with a tough, parchinent-like substance secreted by the wornu. The animal 
has a delicate Ixxly and remains alw'ays in its well-protected burrow, feeding on small 
organisms brought in by the steady current of water that enters one end of the bur- 
row and leaver through the otlier. The current, which also brings in oxygen and 
carries away wastes. Is maintained by the flapping of the large, modified parapods 
on the mid-regipn of the body. The worm is luminescent, emitting a bluish-green 
light; but no one knows how this could be of any use to an animal that spends its life 
in a tube in the mud. (Photo of model. Courtesy American Museum Nat. Hist.) 

Hight^ Fre0»mArif|iiiilitg polycli#t0 worm, NereU^ which also spends most of its 
time in a burrow in' the mud or sand but frequently leaves to build a new one, and does 
swim actively at the surface during the mating season. Nereis is well known to fish- 
ermen and clam-diggers of the New England coast, who call it the clam worm be- 
cause it u.siially oecqrs where clams live. Sometimes the w'orms are found l>etween 
the valves of an empty clam shell, and this has given rise to the false belief that it 
preys on li ve clam.s. Actually, it eats mu(?h smaller animals. (Photo by P. S. 'I’ice) 
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Fan worm, fefi {Bvtpira}, and paacock worms, dwioip'XISa^ 
bella)y are polychete worms that live in long tubes which they 
build in the sand, usually among rocks. Only the anterior end. 
a degenerate head, is extended from the tube. It bears ionf! 
feathery gilLs which are respiratory and collect food by entang- 
ling small organisms in a layer of mucus and conveying them, 
by means of cilia, to the mouth. The gills are brightly colored, 
usually red or purple, and a group of these worms looks like a 
small patch of flowers — until one approaches closely and sees 
them whisk the tentacles into the tul)e with a lightning-like 
speed that immediately identifies them as animals. (Photos 
of living animals by D. P. Wilson, Plymouth, England) 
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Feather worms, like 
their two relatives 
ftbove, have eyespots 
m the gills and are 
very sensitive to 
shanges in light. The 
shadow of one’s hand 
passing over the ex- 
tended worm, left, will 
cause it to pop back in- 
to its tube, as at right. 
(Photos of living ani- 
mal. PacijSc Grove, 
California) 
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Copulating earthworms usually do not leave their burrows hut exleiifl only th(' anterior end and male with 
a neighboring worm. I'lic animals oppose their ventral surfaces and exchange sptTms. for, thougli every earth- 
worm has twlh male and bunale sex organs, it does not fertilize itself. The actual fertilization (K-eurs later at fh- 
time of egg-laying. (IMioto of living animals made at night by L, Keinigsinwg / 


Giant earthworms are found in 
Australia. They may lie located by 
the gurgling sounds they make as 
they move underground. Tlie.se men 
are extracting a long worai from its 
burrow. AMien extended, it may be 
up to 1*2 feet long, with a.s many as 
500 segment.^. The only bird knowm 
to feed on this w'orrn is the laughing 
kingfisher. (Globe photo) 








Pulling an earthworm out of 
its burrow is not easy, any one 
can fiml out by trying. The ani> 
mai hangs on by inserting its bris- 
^ ties into the walls of the burrow . 

V in (Photo of living animal by L. 
^ Keinigsberg, Ghicago) 


Leech (PlacobdeUa) taken from the naked skin at the base of the hind leg of a snapping turtle. Removed to an 
aquarium, it attached itself to the glass by means of the two suckers, the larger of which is at the posterior end, 
the smaller at the mouth end. Leeches are segmented worms, but the folds of the surface are more numerous 
than the internal segments. A good meal lasts several months, and during this time the blood is stored in stomach 
pouches, which can be seen through the body wall as dark bands. The animals are hermaphroditic, having both 
male and female sex organs. Large iq[)ecimens are S or 4 inches long when partly extended. The ground color is 
deep olive green, with s]x>ts of brown. (Photo of living animal by S. T. Brooks. Courtesy Nature Moffomne^ 




Medicinal leeches {fllrudo medicimdis) are still im- 
jwrted from Europe for the removal of black-and-hlue 
spots, particularly around the eyes. These two were 
purchased in a Chicago drugstore. The leech can take 
three times its own weight in blood at a single meal 
and injects into the wound an anticoagulant. LefU 
upper surface of contracted worm. Right, lower sur- 
face of extended worm. (Photo by P. S. Tice) 


Pond leeches are easily collected, usually unwilling- 
ly, by wading in a pond with bare feet. In addition 
to the well-known “leechlike” method of movement, 
leeches can swim actively by undulations of the 
body. They feed on worms, aquatic insect larvas, 
and even other leeclies. When sexually mature, they 
take a large blood meal, which may be slowly digest- 
ed over as long as a year. (Photo by Cornelia Clarke) 



Slpuncuiidsare marine worm- 
like animals which, though un- 
segmeuted, are related to anne- 
lids. They swallow great quan- 
tities of mud or sand, from 
which they extract organic ma- 
terial. When removed from 
their burrows, they alternately 
evert and retract the anterior 
end of the body, which has at 
its tip a circle of tentacles stir- 
rounding the mouth. The one 
at the Uft has the anterior end 
retracted; the one at the right 
is fully everted. A model of a 
sipunculid can be seen in the 
mud in the picture of ChaeUtp- 
terns. (Photo of living animals. 
Pacific Grove, California) 



{. Echiuroids arc wormllko. unseginent(M] animals 2. It inliabit.s a U -shaped humnv, wliose exact posit ion 
related to annelids, rrcchis lives in rnnd flats on tlie is determined by inserting a rublierinhe into one open 
West Coa.st aiul can be dug nj) during a v< ry low tide. mg and blowing until water sponl s IVotn the other. 



5 . J’hrongh the microscope, biologists observe the 6 . Highly magnified under the microseopt‘, are one- 
brtilizaf ion and development of the egg under normal two-, and four-cell stages — practically indistinguish 
•* > ' . . > vnrk.r ; e\ t « rimeiit a 1 conditions. able from the early stages of mo.st other animals 






CHAPTER 21 



A MISSING LINK-PERIPATUS 

r ' WE could find an animal clearly intermediate in structure between 
two modem phyla, we would have good evidence that the two phyla 
are closely related. That such an animal has never been found is not 
surprising. Indeed, it would be more remarkable if the very form which 
at some remote time in the past gave rise to two stocks, now represented 
by two modern phyla, had also persisted unchanged through the ages. 
We have fossil records to show that certain species have remained un- 
changed for very long periods of time, but none are so old that they trace 
back to the time before all of the modem phyla had evolved. Therefore, 
we often speak of these missing ancestral forms as “missing links.” 

An animal that comes closer than any other to being the “missing link” 
between any two phyla is the peripatus, member of the small phylum 
ONYCHOPHORA.the name of which means “claw-bearing” and refers to 
the curved claws on the feet. The peripatus is a rare animal, found in moist 
places under logs in the tropical forests of Australia, Africa, Asia, South 
and Central America, and a few other regions. Its occurrence only in 
local regions in such widely separated parts of the world suggests that it 
was probably a more successful and widespread form in the past but is 
now gradually disappearing. 
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A peripatus looks much like a caterpillar, 2 or 3 inches long, with soft 
velvety skin and many pairs of legs. While many of its structures are like 
those of the phylum Arthropoda, to which the caterpillars belong, the 
peripatus also has many similarities to the annelids and, of course, some 
special features of its own. As already pointed out, neither the peripatus, 
as we find it now, nor any other living animal could be ancestral to any 
group as old as a phylum; but there is little doubt that the peripatus is a 
descendant from a line which branched off close to the primitive annelid- 
arthropod stock. 

Unlike typical annelids and arthropods, the peripatus shows no external 
segmentation, though there is a pair of legs for each internal segment of 

the body. The legs end in claws, which super- 
ficially resemble those of arthropods, but dif- 
fer from arthropod legs in that they are not 
divided into joints. 

The outer covering is a thin cuticle like that 
of annelids, although it is ridged and covered 
with microscopic projections which give it a 
velvety texture unknown in other animals. Be- 
neath the epidermis which secretes the cuticle 
are layers of muscles, as in annelids. The body 
wall of arthropods is somewhat different, hav- 
ing a heavy outer covering and no continu- 
ous layer of muscle. 

The peripatus usually comes out at night; 
and, though it has a pair of simple annelid- 
like eyes, it feels its way about by means of two sensory projections, or 
antennas, on the head. When attacked, it gives off a slimy secretion from 
a pair of glands which open on two projections, the oral papillas. It 
feeds on small insects and other animals by means of a pair of homy 
cutting jaws. Each of the three pairs of head appendages (antennas, 
oral papillas, and jaws) occurs on one of the three segments which com- 
j>ose the head. The fusion of segments, particularly at the head end, is 
characteristic of the most highly developed segmented animals; and the 
three>segmented head of the peripatus is thought to indicate a condition 
midway between that of annelids and arthropods, since the latter have a 
six-segmented head. 

The internal anatomy is a mixture of annelid-like and arthropod-like 
structures. The digestive tract is simple and not particularly distinctive. 



Leg of a peripatus, showing the 
arthropod-like claws. 
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The circulatory system is like that of arthropods. A long contractile 
dorsal vessel, the heart, extends the length of the body and has along its 
sides a pair of openings for each segment of the body. As in arthropods, 
there are no definite vessels to return the blood to the heart. After leaving 
the vessels that carry blood away from the heart, the blood flows into 
large spaces in the tissues and finally collects in the space surrounding the 
heart, into which it enters through the paired heart-openings. The coe- 
lom is practically obliterated by the growth of connective tissue in which 
the blood spaces occur, and this is typical of arthropods. But the most 
arthropod-like character of all is the respiratory system, consisting of 
air tubes (tracheal tubes) which open from the external surface and ex- 
tend throughout the body, piping air directly to the tissues. Although 
such structures occur nowhere else in the animal kingdom except in ter- 
restrial arthropods, they are thought to have arisen independently in the 
two groups and therefore are not evidence that the Onychophora are re- 
lated to arthropods. 

The most annelid-like character is the excretory system. This consists 
of segmentally arranged pairs of coiled tubes which resemble the excre- 
tory organs (nephridia) of annelids. The inner end of each organ opens 
into a very small coelomic sac, from which wastes are collected, presum- 
ably entering there by diffusion from the large internal blood space. 
Cilia in the tube sweep the wastes out through an external pore. 

The nervous system is primitive. From the brain in the head run two 
widely separated ventral nerve cords which show small thickenings in 
each segment. Some annelids have widely separated cords, but even the 
primitive ones have segmental ganglia that are larger than those in the 
peripatus. 

The reproductive organs are ciliated, as in annelids; cilia do not occur 
anywhere in arthropods. The eggs are fertilized within the body of the 
female. In some species eggs are laid, but in most forms the eggs develop 
within the female and the young are born fully developed. As internal 
fertilization and development of the eggs are adjustments to land life 
and have evolved independently in terrestrial animals of many phyla, 
they have no special significance for the relationships of the peripatus. 

T he existence of an animal with structures peculiar to two dif- 
ferent phyla is a situation which follows naturally from what we 
know of the continuous nature of the process of organic evolution. But 
it creates diflSculties in classification. The problem has been solved tem- 
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porarily by placing the peripatus group in a phylum by itself. Still, there 
are some zoologists who think that the animal is definitely an annelid 
and that its arthropod-like characters have arisen independently in the 
two groups. Others feel that these curious animals should be made one 
of the classes of the arthropods, with which group they maintain it be- 
longs. That such a controversy exists makes the peripatus the best living 
candidate for the title of “missing link”; or, since it is not missing, perhaps 
we should call it a “connecting link.” It suggests what the intermediate 
stage between two phyla might have been like, although the picture is 
much modified by the fact that the peripatus has undergone considerable 
evolution since the time it first branched from the primitive annelid- 
arthropod stock. 



CHAPTER 



JOINTED-LEGGED ANIMALS 

I N HITMAN society “success” is commonly expressed in terms of the 
number of dollars a man controls or the level of esteem which he oc- 
cupies in the minds of his associates. But when we talk of the “bio- 
logical success” of man or of any other animal as a species, we have in 
mind very different criteria. 

The animal groups which we judge to have attained the greatest “bio- 
logical success” are those which have the largest numbers of species and 
of individuals, occupying the widest stretches of territory and the great- 
est variety of habitats, consuming the largest amount and kinds of food, 
and most capable of defending themselves against their enemies. By these 
standards the phylum which occupies first place among the animals 
(vertebrate and invertebrate) is the phylum ARTHROPODA. 
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More species of arthropods have been described than of all other kinds 
of animals put together. Of the million or so known species of animals, 
over three-fourths are arthropods. The major classes of arthropods are 
the crustaceans (crayfish, lobsters, shrimps, crabs, water fleas, barnacles), 
the centipedes^ the millipedes^ the arax^hnids (spiders, scorpions, ticks, 
mites), and — by far the largest class of all — the insects. Only a few insects 
have been able to invade the ocean but the group is extremely abundant 
in fresh water and on land. In temperate regions insects cannot compete 
with the warm-blooded vertebrates during the winter; but in the tropics, 
where they suffer no handicap, they are dominant at all seasons. 

Some arthropods are beneficial to man, providing food or some valu- 
able service. Others do untold damage, destroying crops, undermining 
wooden buildings, and transmitting diseases. Parts of the world's most 



Body wall of annelid and arthropod contrasted. In annelids the cuticle is thin, and the 
epidermis is underlain hy heavy layers of circular and longitudinal muscles. In arthropods the cuti- 
cle is heavy; the muscles occur in separate bundles; there is no continuous layer. 


fertile regions are closed to man by the presence of disease-bearing arthro- 
pods. And where they do not exclude him altogether, they are man’s 
chief competitors for food and shelter. 

T he arthropod body plan may be roughly described as an elaboration 
and specialization of the segmented body plan of annelids. Primitive 
arthropods are composed of a series of similar segments bearing similar 
appendages. But in the higher types almost every segment of the body 
has a somewhat different structure and function. The outer layer, or 
cuticle, very thin in annelids, in arthropods is usually a heavy layer which 
serves as a protective armor. It is nonliving but is secreted by the under- 
lying epithelium and is composed of several different substances, each of 
which contributes some useful property. Homy outer coverings occur in 
many groups of animals (for example, the covering of the obelia colony 
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or the cuticle of annelids), but in no case are they used so effectively or 
produced into so great a variety of structures as in arthropods. Made of 
the cuticle, in whole or in part, are outer protective coverings, biting 
jaws, piercing beaks, grinding surfaces, lenses, tactile sense organs, sound- 
producing organs, walking legs, pincers, swimming paddles, mating or- 
gans, wings, and innumerable other structures found among the highly 
diversified insects. This horny material is to the arthropods what steel 
is to civilized man, and it is partly to the possession of this hard cuticle 
that the arthropods owe their success. 

The surface of the cuticle is a thin waxy layer which makes it waterproof. 
Under this is a heavy layer composed of a protein and of chitin, a horny 
flexible substance which is the most 
characteristic component of th<^ 
cuticle, if not the principal one, and 
which provides elasticity. Wher- 
ever the cuticle is relatively rigid, 
as it is over most of the surface of 
an arthropod, there is a third layer, 
which lies between the other two. 

It is formed by the infiltration of 
the upper part of the chitinous lay- 
er with the substance of the waxy 
layer and other hardening ma- 
terials (which in crustaceans are 
mostly lime salts). The middle layer is responsible for the rigidity of the 
cuticle, the property which makes it so effective as a protective armor. 
Since the hardening occurs in definitely limited areas, between which the 
cuticle remains as flexible membranes, or joints, the outer covering of ar- 
thropods provides protection without sacrificing mobility. This is what 
makes it so superior to the armors of such animals as the snails and clams, 
which have heavy cumbersome shells that limit movement. 

Since the rigid cuticle furnishes a supporting framework for the tissues 
within and provides a surface for the attachment of muscles, it is appro- 
priately called an exoskeleton. And though the chitin is responsible for 
the elasticity, rather than the rigidity, of the cuticle, in order to distin- 
guish it from the external supports of other animals we usually call it a 
chitinous exoskeleton . In sharp contrast to this kind of framework is the 
endoskeleton of vertebrates, which lies on the inside and is surrounded by 
the soft fleshy parts. We can imagine how it might feel to be an arthropod 


waxy layer 



epidermis 


Body wall of an arthropod. (Based on several 
sources) 
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by mentally putting on an iron suit of armor which adheres closely to the 
skin, and then thinking of our bones being eliminated an<l our muscles 
being attached instead to the iron armor. 



Diagram contrasting skeletal uiul muscular systems of vertebrate and artiiropod, /.<//, }>urt of a 
vertebrate limb, showing that the bones lie internally and have muscles attached to their outer 
surfaces. HiyhU part of an arthrofxid limb, showing that the cuticle lies externally ami lias muscles 
attached to its inner surbw^e. 



Three-dimen.sional cross-.section througli the exoskeletdn of an arthropod to show that it consists 
of hardened plates, joined by more flexible membranes of cuticle, and serves a.s a place of attachment 
for muscles. (After Snodgrass) 

To their chitinous exoskeleton arthropods owe their ability to live on 
land. Land life requires, among certain other adjustments, a relatively 
ini'permeahle outer covering to prevent drying of the watery tissues within 
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and a fairly rigid framework of some kind to support the soft tissues. In 
vertebrates the covering is furnished by scales or heavy skin, and the sup- 
porting framework is a bony skeleton. In arthropods the waterproof and 
rigid cuticle fills both requirements and enables the group to exploit the 
land with practically no serious competition from the other invertebrate 
groups, most of which are largely aquatic. 

The name Arthropoda means “jointed legs’’ and refers to the most char- 
acteristic structures of arthropods. To distinguish them from the jointed 
appendages of vertebrates (for example, the arms and legs of man) we 
call them chitinous jointed appendages. The various appendages of 
arthropods have a specialized structure which adapts them to some par- 
ticular function. This increases efficiency but sacrifices the versatility 
possessed by the more generalized hands of man. 

I IKE the nereis, which has a pair of swimming flaps (parapods) on 
nearly every segment of the body, the arthropods also have, typi- 
cally, a pair of appendages to every segment. In the embryos of both 
groups the appendages arise in a similar way from similar structures, and 
hence are said to be ^^omologous.” The principle of homology is the 
basis of our scheme for determining animal relationships. Thus, if two 
animals have similar structures which develop in the same way from cor- 
responding embryonic parts, the animals are judged to be closely related. 
The more similar the structures and their mode of origin, and the greater 
the number of such structures, the closer their relation. In other words, 
we assume that the homologous structures of two different animals have 
come, by a process of gradual modification, from the same or correspond- 
ing part of some remote common ancestor. 

Not all structures which resemble each other indicate a common evolu- 
tionary origin of the animals which possess them. Many are only super- 
ficially alike, being adapted to the same environmental conditions; and 
such structures arise in entirely different ways in the embryos. They are 
similar in function but not in basic plan or mode of origin, and are said 
to be analogous. The wing of a bird and that of a bee are both used for 
flying, tl>ough one is made of feathers and the other of chitin and they do 
not develop in the same way. They are analogous but not homologous. 
On the other hand, the wing of a bee is homologous to that of a dragon- 
fly or a cockroach. In all three insects the wing is essentially the same and 
arises from a corresponding part of the embryo. In this case the homol- 
ogous organs, all used for flying, are also analogous. Sometimes homolo- 
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gous structures have different functions: the legs of a bee are used in 
walking, while those of a water beetle are adapted for swimming. 

When corresponding structures in different segments of the same animal 
are considered, we say that they are serially homologous. One parapod of 
a nereis is serially homologous to any other. The front leg of a bee is 
serially homologous to the third leg, and both legs are serially homologous 




The Jointed appendages of arthropods, originally chiefly for locomotion, have been modified for 
a great variety of functions, even in the same animal. They are all homologous but not analogous. 
A I pinching leg of a lobster. B, walking leg of a grasshopper. C| swimming leg of a water beetle. 
D, sensory antenna of a honeybee. E| chewing jaw of a cockroach. F, mating organ of a male lob- 
ster. (After various sources) 

to the antennas and the jaws, which are modified segmental appendages 
and arise from corresponding parts of their respective segments. On the 
other hand, the eyes or wings arise in a different way and, therefore, are 
not homologous to the jaws, antennas, and legs. 

I N THE insects and in many other arthropods the segments are grouped 
into three body regions: head, thorax, and abdomen. While the head 
always consists of six segments, the thorax and abdomen are composed 
of different numbers of segments and are not comparable in the various 
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groups of arthropods. The thorax of a crustacean does not correspond 
to the thorax of an insect; they are similar only in that they both repre- 
sent the middle region of the body. The head and thorax may be fused, 
as in the lobster, or the abdomen may be much reduced, as in crabs; but 
in most arthropods the total number of segments is much smaller than 
that of annelids. Further, adult arthropods have a fixed number of seg- 
ments and do not add them on throughout life, as do most annelids. The 
same is true of the vertebrates, which have a fixed number of segments 
and a fusion of many of them. If we wish to generalize, we may say that 
primitive animals have a large 
and indefinite number of re- 
peated but similar parts, while 
more specialized animals have 
a smaller and definite number 
of repeated parts with much 
division of labor among them, 
or they have the repeated 
parts fused into compact 
masses or organs. (For a spe- 
cific example of this, see dia- 
grams of the nervous systems 
on p. 248.) 

The head of every arthro- 
pod consists of exactly six seg- 
ments. Each segment typical- 
ly bears a pair of jointed ap- Head of an insect, showing structures characteristic of 
pendages, which are sensory theheads of most arthropods. (Modified after Snodgrass) 

or have to do with feeding. The segments are clearly visible in the embryo; 
but as development proceeds they fuse, so that, in the adult, segmentation 
of the head is indicated only by the presence of the several pairs of ap- 
pendages. The head also bears a pair of compound eyes in the primitive 
arthropods, crustaceans and insects; the others have only simple eyes or 
clusters of simple eyes. Most insects have simple eyes in addition to the 
compound eyes. 

Knowledge of the correspondence between appendages and segments comes from the 
study of embryology. The following description applies in general to the crustaceans, 
centipedes, millipedes, and insects but not to arachnids (see chap. 23). The first segment 
never has an appendage. The second bears a pair of feelers, or antennas. The third has a 
second pair of antennas in crustaceans but lacks a segmental appendage in insects. The 
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lens 



Simple eye of a spider. All the .sensory cells 
have a single lens, made of ctiticle and secreted 
by the underlying epidermis. (After Hentschel) 


fourth has the jaws^ which usually serve 
for biting but may be modified for other 
methods of feeding. The fifth and sixth 
segments each bear a pair of maxillas, ac- 
cessory jaws which aid in feeding, particu- 
larly in handling the food and in holding it 
to the mouth. The mandibles and maxillas 
are referred to collectively as * ‘mouth 
parts,” and are frequently very highly 
modified. 

The eyes of arthropods are com- 
posed of visual units, each of which 
is a bundle of cells consisting of two 
functional parts. The first is rep- 
resented by refractive bodies which 
transmit the light rays and con- 
dense them upon the light-sensitive 
cells. The cuticle which covers the 
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surface of the body is transparent and usually 
much thickened to form a lens over the surface 
of the eye; and there are one or more addition- 
al refractive stnictures within the eye. The 
second part, or retina, lies deeper and is com- 
posed of a layer of light-sensitive cells contin- 
ued at their lower ends into nerve fibers which 
enter the central nervous system . A sim pie ey e 
has a single light-condensing apparatus for all 
the sensory cells. A compound eye is com- 
posed of hundreds or thousands of units, each 
with its own light-condensing apparatus. This 
kind of eye is unique to arthropods and (except 
for the “camera” eyes of certain mollusks de- 
scribed on p. 203) is the most highly developed 
of invertebrate eyes. It does not give as sharp 
an image as the “camera” eye of man; per- 
haps the arthropod sees something a little 
worse than a newspaper photograph as it 
would look to us under a magnifying glass. 
However, some insects must have fairly good 
images, for they have been seen attempting 
to extract nectar from flowers on wall paper. 
In any case, arthropods react not so much to 
details in an image (as we do) afe to motion. 
Since the movements of objects are recorded 
successively in every unit, the compound eye is 
admirably adapted for detecting the slightest 
movement of prey or enemy. 



Single unit of a compound 

eye . The lens and crystalline cone 
are refractive bodies. The light- 
sensitive cells are surrounded by a 
screen of pigment cells, which ex- 
clude oblique rays of light from 
adjacent units. 


Each unit of the compound eye is isolated optically from its neighbors by a screen of pig- 
ment cells, so that only a narrow band of parallel rays enters each unit ; and it is thought that 
the image thrown on the retina is a mosaic composed of as many points of light as there 
are units. Most compound eyes are adapted to in dim light by a migration of the pig- 
ment, leaving the sides of the visual units expAsisd. In this case each unit throws on the 
retina an image of a larger part of the visual field, and the adjacent images overlap some- 
what. Such overlapping images are not as sharp but enable the animal to see in dimmer 


light, since they do not waste the light which enters obliquely 
by the pigment in the mosaic type of vision. 


and is therefore ^tii)^rbed 


The thorax of arthropods has different numbers of segnaents in the 
various groups. In the Crustacea, which ar?^jnore primitjve, there are 
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often numerous segments, with appendages for feeding and walking. In 
the insects, which are more specialized, the thorax is composed of three 
segments, each of which bears ventrally a pair of legs and dorsally, on the 
second and third segments each, a pair of wings. The thoracic appendages 
of arthropods are most often used for walking but may also serve other 
functions. In the lobster one pair is modified for grasping; and in the 
honeybee the legs, though used for walking, are highly modified for col- 
lecting pollen (see p. 292 ). 



A. B. C. D. 

Nervous systems of various arthropods, showing fusion of the ganglia. A, primitive crustacean. 
B, caterpillar. C, honeybee. D, water bug. (After several sources) 

The abdomen may or may not have appendages. In the crustaceans, 
such as the lobster, there is a pair of appendages on every abdominal seg- 
ment; but in higher forms these have been lost, until in the insects there 
are practically no abdominal appendages homologous with the appendages 
of the other segments, except the egg-depositing structures on the most 
posterior segments. 

In the nereis we saw a clearly segmental arrangement of parts, both ex- 
ternal and internal — with only the beginnings of fusion and specialization 
at the head end. Every organ system had a representative in each seg- 
ment which provided for the local needs of the segment. In the arthro- 
pods we have already seen modifications of the primitive external seg- 
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mentation in the fusion of the head segments and the specialization of the 
various appendages. The internal segmentation is even more modified. 
Some of the organ systems consist of single large organs which serve the 
whole body, and segmentation is clearly apparent only in the repeated 
branches of the circulatory and respiratory systems and in the ganglia and 
segmental branches of the nervous system. 



Portion of body wall of an insect to show several kiiuls of sense organs. The bristle responds to 
touch. The peg is made of thin cuticle and is therefore thought to be a receptor for taste or smell; 
the same is true of the pit peg^ which lies in a cavity that opens to the surface through a pore. The 
plate (without a pore) may be a receptor for chemical stimuli, but its exact function is not known. 
(Combined from Mclndoo and Snodgrass) 

The nervous system consists of a dorsal brain which connects, by a ring 
of nervous tissue encircling the digestive tract, with the first ganglion of 
the ventral nerve cord. In primitive arthropods this system can hardly 
be distinguished from that of annelids. In higher arthropods there are 
all stages of condensation of the ganglia, reaching a peak in certain ani- 
mals which have all the ganglia of the thorax and abdomen fused into one 
large mass. 

One might suppose that an animal that lives incased in a nonliving 
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cuticle as heavy as that of arthropods would be handicapped in establish- 
ing connections between the central nervous system and the external en- 
vironment. On the contrary, the cellular and cuticular layers of the body 
wall of arthropods have been modified to form highly specialized sense 
organs of a variety greater than that found in any other phylum. The 
eyes, sensitive to light, and the antennas, sensitive to touch and to chemi- 
cal stimuli, have already been mentioned. Some arthropods also have 
balancing organs, composed of sensory pits containing hard particles, and 
auditory organs, which have a flexible membrane stretched across an open- 
ing in the hard cuticle. In addition, the surface of the body is covered 
with a variety of sensory bristles, “hairs,” spines, scales, and pits. The 
simplest of these is a bristle formed by a hollow outgrowth of the cuticle 



Left, closed circulatory system of annelids; the blood is confined within blood vessels. Right, 
open circulatory system of an insect. The only blood vessel is a pulsating tube, the heart. Blood 
flows forward through the heart and then passes out the open anterior end into the tissue spaces and 
large blood cavities, eventually returning to the heart through paired openings in its sides. In the 
le.ss specialized arthropods the vessels are more extensive, arteries leading from the heart to the 
main regions of the body. 

and connected with a sensory cell which extends to its base. The bristle 
articulates with the cuticle, and any mechanical stimulus which moves the 
bristle sets up an impulse in the sensory cell with which it connects. Cer- 
tain small and slender bristles which are not movable and have thin and 
permeable walls are assumed to be among the receptors of chemical stimuli 
(taste and smell). 

The coelom of arthropods is practically obliterated. It appears in the 
embryo as a series of cavities in the mesoderm, but in the adult is repre- 
sented chiefly by the cavities of the sex organs. The apparent body cavity 
of the adult is not a coelom at all but is a large “blood cavity” which forms 
part of the circulatory system. 

The circulatory system has evolved in the direction of simplification. 
The heart is a pulsating tube which lies dorsally . The arteries lead not into 
capillaries but into the “blood cavities” in the mesenchyme throughout 
the body. In these spaces the blood bathes the various organs. Then it 
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returns to a large cavity surrounding the heart and enters the heart 
through paired openings in its sides. Since the blood is not at all times 
confined within blood vessels, this type of system is called an open cir- 
culatory system, in contrast to the closed systems of such groups as anne- 
lids and vertebrates. 

The great adaptability of the arthropod body wall is further emphasized 
by the structures concerned with respiration. Most terrestrial arthropods 
have a system of branching air tubes, formed by tubular ingrowths of the 
surface ectoderm. The ectoderm secretes an inner lining of cuticle, which 
strengthens the walls of the delicate tubes and prevents them from col- 
lapsing. Air enters and leaves the tubes through openings on the sides of 
the body and is piped directly to the tissues, partly or almost completely 
replacing the respiratory function of the circulatory system. Most aquatic 
arthropods breathe by means of gills, thin-walled extensions of the body 
wall through which carbon dioxide and oxygen pass readily. 

The cuticle also forms an important part of the digestive system. The 
ectoderm turns in at the mouth and anus and lines the anterior and poste- 
rior regions of the digestive tube with the cuticle which it secretes. In 
the anterior region the cuticle may be produced into hard teeth for grind- 
ing up the food. In the insects and many other arthropods the anus serves 
also as the exit for nitrogenous wastes, since the excretory organs are 
tubules which open into the digestive tube. 

Aquatic arthropods range in size from minute crustaceans like the “wa- 
ter fleas” to monster crabs measuring up to 12 feet across their long, 
spindly, outspread legs. Such large size is possible in the ocean, where 
the water supports most of the weight of the animal. But on land, legs 
with an exoskeleton thick enough to support such a load above the 
surface of the ground would be too heavy for much movement. Thus, 
terrestrial arthropods are limited, by their exoskeleton, to a relatively 
small size, which is not without its compensations if we are to judge from 
the success of these animals. Small size, combined with great develop- 
ment of the muscles, makes for active habits and easy escape from ene- 
mies. In addition, small size requires relatively little growth, and many 
forms develop from the egg to the sexually mature adult in a few days or 
weeks. Such a short life-cycle results in many generations in a year; and 
this means that such species may undergo rapid evolution, which explains, 
in part, the great numbers of species of terrestrial arthropods, particularly 
insects. 

Like most invertebrates, arthropods lay large numbers of small eggs; 
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usually the young hatch from the egg in an immature state and must feed 
to obtain the necessary materials for further growth and differentiation. 
The larvas of aquatic forms are free-swimming and undergo a gradual 
change into the adult. In the most specialized insects, the larvas (cater- 
pillars, grubs, etc.) are so different from the adult that it is not possible to 
have a gradual change. The larva surrounds itself with some kind of pro- 
tective material and becomes transformed into the pupa, which is referred 
to as a “quiescent” stage — and so it is, from all external appearances. In- 
ternally, however, many important changes take place, for the larval tis- 
sues break down and become reorganized through the growth of certain 
cells which were set aside early. After a time the sexually mature adult 
emerges. Such radical changes from larva to adult are known as meta* 
morphosis (“change in form”). (See chap. 24 for examples.) 

In many insects which undergo metamorphosis there is a marked divi- 
sion of labor among the different phases of the life-history. In the but- 
terfly, for example, the caterpillar has chewing jaws and feeds on leaves. 
It eats large quantities of food in a relatively short time and grows very 
rapidly. Thus, its role in the life-history is feeding. The pupa undergoes 
profound changes in structure, and its function may be said to be that of 
tranfiformation and differentiation. The adult is a winged form which has 
no chewing jaws and can feed only by extracting nectar from flowers by 
means of a long sucking^ tube. Its ability to fly makes it important in 
distribution of the species, but perhaps its chief role is that of reproduction, 
for it does not grow and much of its food goes to produce the eggs. More- 
over, some adults never feed at all but mate soon after emerging from 
their pupal cases; the females lay eggs and the adults die. 

Specialization between different stages in the life-cycle may also involve 
more than one habitat. This enables one species to exploit two very dif- 
ferent sources of energy, increasing the amoimt of energy available in any 
locality for the growth of that species. For example, the adult mosquito 
is a flying, terrestrial form that sucks blood, while the larva lives in 
fresh water and feeds on minute organic particles wafted into the mouth 
by special bristles. 

Many of the more primitive insects have no metamorphosis or have 
only an incomplete metamorphosis, like that of the cockroach. The cock- 
roach hatches from the egg as a young form which looks like a miniature 
adult except for some differences in general proportion and in the posses- 
sion of only the beginnings of wings. (See photographs in chap. 24.) 
It leads a life like that of the adult and grows rapidly. Naturally, an 
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animal with a hard outer covering cannot grow indefinitely without 
making some kind of readjustment. And the cockroach periodically sheds 
or molts the outermost layers of the cuticle. iWhen the cuticle ruptures 
and is cast off, the animal already possesses a new “roomier” cuticle, 
which has formed beneath. But until the hardening substances are laid 
down, the newly shed cockroach has a light-colored and delicate cuticle, 
which is elastic and stretches to accommodate the animal. From molt 
to molt, as growth continues, there is a gradual increase in specialization 
until the fully mature form is attained. Most insects do not molt after 
the adult stage is reached; but crustaceans, centipedes, millipedes, and 
arachnids do. 

T he phenomenon of polymorphism, as we saw it in coelenterates, was 
a division of labor among the structurally differentiated subindivid- 
uals of a colony. Arthropods are not colonial in the structural sense; that 
is, the different individuals are not physiologically connected, as in the 
obelia. But many insects show polymorphism in that different members 
of the species are structurally specialized for the performance of different 
functions. They live together as co-operating members of a social colony. 
The social insects most familiar to everyone are the highly evolved ants, 
bees, and wasps; but the lowly termites, relatives of the cockroaches, 
have one of the most interesting types of social structure. The termite 
workers are sterile; they build the nest, collect food, care for the king and 
queen, and raise the young. The re-productives are fertile and hatch as 
winged forms which fly out to establish new colonies. They mate; and 
the female, or queen, spends the rest of her life laying eggs. She can- 
not feed herself but is fed and cared for by the workers. The soldiers 
cannot feed themselves; they protect the colony from invaders. (For 
further details about the termites, see photographic section of chapter 
24.) Social life in insects has the same advantages as the social life of 
man. One individual need not perform all the necessary labors, the vari- 
ous duties being distributed among different individuals specialized for 
the job. 

In human society the individuals are not born anatomically suited to 
their various occupations but become trained physically and mentally 
to fit their particular jobs. Among arthropod societies the individuals are 
structurally adapted from the very start, and are so specialized that some- 
times they cannot even perform such an ordinary activity as feeding. 
The polymorphism of social arthropods extends also to their behavior. 
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The behavior patterns of a termite, for example, are established at the 
outset, little or no learning being necessary for the animal to take its 
place in the life of the colony. This is demonstrated every time a new col- 
ony is formed. The workers which hatch from the eggs laid by the queen 
have never seen the nest from which the queen came ; yet they construct 
a nest exactly like it. Such complex inherited behavior is unlearned, or 
instinctive. Not all the behavior of social in.sects is instinctive. If a bee- 
hive is moved, the bees return first to the original spot; but when, after- 
ward, they find the new location, they “learn” the new place. 

Instinctive behavior is superior to learned behavior for animals, such 
as the insects, which live only a few days, weeks, or months, and can ill 
afford to spend time learning how to catch prey, eat, build a shelter, and 
lay eggs. Life is short, and there are many things to do. On the other 
hand, learned behavior has distinct advantages for animals which live a 
long time and have parental care and training. The human infant is help- 
less and would die if left without care. Years of training are a necessar\' 
preparation for an independent life in human society. However, men can 
learn new kinds of behavior and solve new kinds of problems throughout 
life, whereas the arthropod is more or less limited to the original set of 
instinctive reactions. 

T hrough the animal groups we have seen many successive levels of 
structural differentiation. Specialization within single cells, among 
cells, among tissues, and among organs we saw respectively in protozoans, 
sponges, coelenterates, and flatworms. The beginnings of segmental spe- 
cialization were already apparent in annelids. Division of labor among 
different individuals and among the several stages in the life-history oc- 
curred in coelenterates. All of these specializations reach their extremes 
in the arthropods, which represent the peak of invertebrate evolution. 



CHAPTER 23 



THE LOBSTER AND OTHER ARTHROPODS 

T he appendages of vertebrates are four in number; and though 
they show a variety of structure in adaptation to different meth- 
ods of locomotion and to additional services which they may per- 
form, such as digging or holding prey, they are primarily locomotory — 
with the notable exception of the fore limbs of man. The appendages of 
arthropods, however, are greater and more variable in number; and some 
of them have no locomotory function but serve as sense organs, jaws, 
mating organs, or respiratory structures. Further, in contrast to the ver- 
satile limbs of vertebrates, arthropod appendages are often spwialized for 
a single function. Thus, to describe the appendages of an arthropod is to 
tell almost everything about the habits of the animal: where it lives, how 
it moves, and how it feeds. 




256 


ANIMALS WITHOUT BACKBONES 


Primitively, arthropods had along the whole length of the body a series 
of simple, flattened appendages which were all alike. Each served several 
functions: locomotory, food collecting, respiratory, and perh^Cps also 
sensory. Such a condition is found in no living arthropod, but something 
very much like it is seen in the extinct trilobites (chap. 27). Among living 
arthropods the closest approach to this occurs in certain crustaceans, the 
fairy shrimps, which have a specialization of appendages on the head and 
a loss of appendages on the posterior region but have on the trunk region 
a series of similar flattened appendages for swimming, food-collecting, 
and respiration. At the other extreme is an insect like the honeybee, 
in which every pair of appendages on the body is different. To bridge the 
gap between the fairy shrimp and the honeybee would be diflScult if it 
were not that among the other arthropods we find almost every inter- 
mediate stage. The lobster, for example, has a pair of appendages on 
almost every segment. Those on the abdomen are simple swimming 
flaps which are almost all alike, but those of the head and thorax are 
highly diversified in structure and function. Further, in the development 
of the lobster embryo even the appendages of head and thorax appear 
first as simple, similar structures which only gradually become specialized 
and differentiated from each other. Thus, by tracing the development of 
the lobster appendages and homologizing the different parts of each, 
we are better able to understand how a simple, flattened swimming oar 
can, by gradual changes, become a chewing jaw or a sensory antenna. 

THE LOBSTER 

A SIDE from minor details, the lobster is so much like its fresh-water 
JLM. kin, the crayfish, that the description of the lobster applies, in gen- 
eral, to both animals. 

The body of the lobster consists of twenty-one segments (or less, if cer- 
tain segments which lack segmental appendages are not counted). The 
first fourteen are united into a large cephaloihorax, which represents the 
combined head and thorax. The fusion is complete dorsally and at the 
sides, but the segmentation can still be recognized on the ventral surface. 
The abdomen consists of seven distinct segments, which are clearly 
marked externally. 

The cuticle, secreted by the underlying epidermis, covers every part of 
the body, forming a jointed oxoskeleton which is made particularly hard 
by an infiltration with calcium salts. The cuticle also furnishes some in- 
ternal support to the cephalothorax by means of thin plates of cuticle 
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secreted by infoldings of the epidermis. These plates increase the area for 
the attachment of muscles, and they protect important organs. Over the 
dorsal surface and sides of the cephalothorax the calcified cuticle forms a 
single large shield, the carapace. Over the abdomen it is folded between 
segments, allowing for flexibility. 

The least modified appendages are those of the abdomen. Each con- 
sists of a hasal piece (protopodite), which bears at its free end an (mter 
branch (exopodite) and an inner branch (endopodite). The numbers of 
joints in the three pieces may vary, but the basic plan of this two-branched 



(biramous) appendage is thought to be the fundamental plan of all crus- 
tacean appendages; and we find it throughout the group, both in highly 
specialized adults and in the simplest larvas. In the lobster the two- 
branched plan is obscured in the appendages of head and thorax by the 
presence of additional lobes or extensions on the basal piece or by the 
absence of the outer branch. In the lobster embryo, however, all the ap- 
pendages arise as simple two-branched structures. (See figure on p. 265 .) 

The head of the lobster is fused with the thorax, but its component 
segments have been determined from careful studies of the embryology of 
appendages and other structures, especially the nervous system. As in all 
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arthropods, there are six segments. On the first there is a pair of com- 
pound eyes set on the ends of jointed, movable stalks. These are not 
serially homologous with the other appendages, since they arise in a dif- 
ferent way. The second segment bears the first antennas, sensory struc- 
tures which have two filaments. (While the antennas themselves are seri- 
ally homologous with the rest of the appendages, their two-branched 
condition is not. For in the lobster embryo the first antennas remain 
single until long after the other appendages have become two-branched; 
and even when the larva emerges from the egg, the inner filament is 
represented by only a small bud from the base of what finally becomes 
the outer filament.) The second antennas, located on the third segment, 
have only one long filament; this is serially homologous with the inner 
branches of other appendages, and the outer branch is represented by 
a scalelike process. (From this point on, only the location and func- 
tion of the appendages will be mentioned. All are paired and are serially 
homologous with each other; some bear extra processes or lack the outer 
branch, as can be seen in the diagram of the appendages.) The fourth 
head segment bears toothed jaws (mandibles) for crushing the food. On 
the fifth and sixth segments are the first and second maxillas, which pass 
food on to the mouth. The second maxilla is a thin, lobed plate and is 
chiefly respiratory, serving as a “bailer’’ for driving water out of the 
respiratory cavity. 

The thorax has a pair of appendages on every segment. The first three 
bear the first, second, and third maxillipeds. These are somewhat sensory 
but serve chiefly to handle food, mincing it first and then passing it on to 
the mouth. Only the third is powerful enough to do much real chewing of 
the food, unless it is soft. In each the basal piece bears a thin flap (epipo- 
dite), to which, on the second and third maxillipeds, is attached a gill. 
The flaps separate and protect the gills. The fourth thoracic segment 
bears the large claws or pinching legs (chelipeds), used both in offense and 
defense. The next four segments have each a pair of walking legs. All 
five pairs of legs have attached to their bases a gill-separator and a gill. 
The walking movements of the legs move the gills and stir up the water in 
the respiratory cavity under the carapace. The pinching legs are not 
symmetrical in lobsters over inches long. In the smallest lobsters both 
of them are slender and have sharp teeth; but as the animal grows, they 
gradually differentiate. One becomes larger than the other, and its teeth 
fuse into rounded tubercles; it is used for crushing. The other remains 
smaller and more slender, the teeth become still sharper, and it is used 



ist antenna 



Appandaget of the lobster show a marked division of labor. Some have extra lobes or other proc- 
esses, and some lack the outer branch; but they all can be reduced to a common basic plan. The 
inner hranchea are stippled, the outer branchea are shaded with diagonal lines, and the basal piece and 
its processes are left unshaded. 
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especially for seizing and tearing the prey. The first two pairs of walking 
legs also have small pincers which aid in seizing prey. The last pair of 
walking legs are used also for cleaning the abdominal appendages. 

The abdomen has a pair of appendages on every segment except the 
last. Those on the first abdominal segment are different in the two sexes. 
In the male they are modified to form a troughlike structure used for 
transferring sperms in the mating process. In the female they are much 
reduced. The next four segments all bear similar two-branched append- 
ages, the swimmeretSy which function in forward swimming and in the 
female serve as a place of attachment for the eggs. The sixth abdominal 
appendages are the uropods, which resemble modified and enlarged swim- 
merets. Together with the flattened last abdominal segment, the telson, 
they form a tail-fan, used in backward swimming. 

The appendages of the lobster have been stressed for a number of rea- 
sons. They furnish a striking example of specialization among appendages 
of different segments and, in the case of the large pincers, between the 
right and left sides of the same segment. While the flattened, two- 
branched swimmerets are not very different from the appendages of the 
hypothetical arthropod ancestral type, on the same animal we find such 
specialized appendages as the jaws, which have a counterpart even in the 
most advanced insects. In the development of the lobster appendages we 
see how a series of originally similar parts can become gradually dif- 
ferentiated into highly specialized and dissimilar structures which, though 
no longer analogous, are still homologous. 

The internal parts of the lobster with which some of us are familiar are 
the large (and very edible) abdominal muscles. These are segmentally 
arranged and include muscles for moving the swimmerets, extensor mus- 
cles for straightening the abdomen, and much larger flexor muscles, which 
furnish the major source of power for locomotion. For rapid movement 
the lobster flexes the abdomen ventrally and with such force that the 
whole animal shoots backward through the water. In the cephalothorax 
are numerous muscles for moving the appendages and certain organs. 
Most of the muscles of the lobster are of the striated type, characteristic 
of arthropods and vertebrates. Striated muscles contract very rapidly and 
are therefore well suited for moving the body and appendages. Both arth- 
ropods and vertebrates have unstriated muscles for organs such as the 
digestive tube and blood vessels, which imdergo slow, rhythmic contrac- 
tions. Lower invertebrates possess the slower, unstriated type. 

The digestive system of the lobster consists of three main regions, of 
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which only the middle one has an endodermal lining. The anterior and 
posterior ends develop as tubular ingrowths of the ectodermal epithelium 
and so become lined with a cuticle which is continuous with the exo- 
skeleton and is shed when the animal molts. Lobsters are scavengers, 
but they also catch live fish and dig for clams; and they have been seen to 
attack large gastropods, breaking off the heavy shell, piece by piece, to 
obtain the soft inner parts. The food is shredded by the maxillipeds and 
maxillas and then further crushed by the jaws before it enters the mouth. 
As if this were not enough, part of the stomach is specialized as a gizzard. 



Internal anatomy of the lobster, which, like most highly specialised segmented animals, has single 
large organs (or a pair of organs), instead of small local representatives in each segment. Of the 
systems represented here, only the nervous system is clearly segmental. Segmental blood vessels of 
the abdomen, omitted here, are shown in the diagram of the circulatory system. (Based partly on 
Herrick) 

which is lined with hard chitinous teeth and worked by numerous sets of 
muscles. In the stomach the food is pulverized, strained and sorted. The 
smallest particles are sent in a fluid stream to the large digestive glands for 
digestion and absorption; larger particles go in a steady current to the in- 
testine; and the coarsest particles are returned to the grinding mechanism. 

The anterior portion of the stomach is large and bulbous and serves chiefly for storage. 
The posterior part is mainly for sorting and straining. Between the two lies the grinding 
region, which reduces the food to mmute particles. Since these are readily digested in the 
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tubules of the digestive glands» the work of the intestine is less important than in the 
earthworm. This explains how a large animal like the lobster can get along with such a 
short uncoiled intestine. 

The extensive respiratory surface needed to supply the demands of a 
large and active animal like the lobster is furnished by twenty pairs of 


heart pericardial sinus 



Cross-section of thorax of lobster to show relations of gill chambers to other organs and the 
path of the blood through some of the main blood channels. 

gills, feathery expansions of the body wall, which are filled with blood 
channels. The gills are attached to the bases of the legs, the membranes 
between the legs, and the wall of the thorax. They lie on each side of the 
body in a cavity inclosed by the curving sides of the carapace. Water 
enters the cavity under the free edges of the carapace, passes upward and 



THE LOBSTER AND OTHER ARTHROPODS 


263 



Circulatory system of the lobster, showing the main blood channels. Blood returning from the tis- 
sues goes through the gills before returning to the heart. (Modified after Gegenbaur) 


forward over the gills, and is directed out anteriorly in a current main- 
tained by the flattened plates of the second maxillas. 

The circulatory system is an open one. The muscular heart lies dorsally 
in a chamber filled with blood. In the sides of the heart are three pairs of 
openings through which blood from the chamber enters the relaxed heart. 
When the heart contracts, valves prevent the blood from going out the 
openings; instead, it is driven into arteries which go to the tissues of the 
body. The smallest branches of the arteries open, not into veins, but into 
blood cavities in the tissues called sinuses. Blood returning from the tis- 
sues collects in a large ventral sinus and from there enters the gills, where 
it gives up carbon dioxide and takes up oxygen. Then it is returned, 

through a number of channels, to the 
large pericardial sinus w^hich surrounds 
the heart. 

The single pair of excretory organs, 

sometimes called the green glands because 
of their greenish color, consist each of a 
glandular sac and a coiled tube which 
opens into a muscular bladder. Wastes 
Excretory organ of the lobster. extracted from the blood are poured into 
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'Hie nervous system of the lobster is iiuwrh 
like that of the nereis, with a ring of tissue 
around the esophagus and a ventral, double, 
ganglionateil cord. 

the hairs or cause the sand grai 
thought to be a balancing organ. 


the bladder and from there emptied 
to the outside through a pore at the 
base of the second antenna. 

The general pattern of the nervous 
system is like that of annelids. The 
large brain is in the head near the eyes. 
From it a pair of connectives pass ven- 
trally, one on either side of the esoph- 
agus, and unite below the digestive 
tract to form a double ganglion, the 
first ventral ganglion, from which the 
double nerve cord extends backward, 
enlarging into paired ganglia in almost 
every segment. 

The most conspicuous sense organs 
are the antennas and the compound 
eyes. As the lobster is most active at 
night, and even in the daytime lives at 
depths where there is not enough light 
for clear vision, the eyes are probably 
secondary in importance to the sensory 
bristles which are distributed all over 
the surface of the antennas, body, and 
appendages — from fifty thousand to 
one hundred thousand of these bristles 
occurring on the pincers and walking 
legs alone. The bristles are of two types 
— one sensitive to touch, and the other 
to chemicals. Occupying the basal seg- 
ment of each first antenna is a water- 
filled sac which opens to the outside by 
a fine pore. On the floor of the sac is 
a ridge of sensory hairs, among which 
are numerous fine sand grains. As any 
movement of the lobster would sway 
s to roll over them, this structure is 


To demonstrate the balancing function of this organ in shrimps, one investigator per*- 
formed a very ingenious experiment. He obtained a shrimp that had just molted and 
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therefore had no sand grains in the sensory sac. He put the animal in filtered water and 
supplied it with iron filings. The shrimp picked up the filings and placed them in the sac. 
Then, when the investigator held a powerful electromagnet above the animal, it turned 
over on its back — apparently because the magnetic pull on the iron filings in the sac was 
greater than the opposing pull of gravity. 



Leff^ the first larval stage of the lobster, is just over J inch long. The apt>endages are all two- 
branched, similar structures. The swiinmercts at this stage are only small buds, and the larva swims 
about at the surface by the rowing action of the flattened, fringed outer branches of the limbs. Right, 
the fourth larval stage of the lobster is about i inch long and resembles a miniature lobster. Like the 
first stage, it swims at the surface, feeding on small organisms; but forward swimming is by means 
of the swimmerets. The outer branches of the legs arc reduced and no longer visible; the inner 
branches are differentiated, though right and left large claws are still similar. (After Herrick) 

The reproductive system consists of a pair of ovaries or testes, which 
lie in the dorsal part of the body and from which a pair of ducts leads to 
the external openings at the bases of the third legs in females, fifth legs in 
the male. The sexes can be distinguished by the position of these sex open- 
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ings as well as by the structure of the first abdominal appendages. In the 
sex act the male deposits sperms near the female pores, and the eggs are 
fertilized as they emerge. They are fastened, by a sticky secretion, to the 
swimmerets of the female and are kept well aerated by the movements 
of the swimmerets. 

The young lobster hatches from the egg as a free-swimming larva and 
goes through a series of changes before it comes to resemble the adult. 
The young crayfish, like the young of most fresh-water animals, hatches 
as a juvenile form which is much like the adult except in size. 

CRUSTACEANS 

T he name Crustacea was originally used to designate an animal hav- 
ing a hard but flexible ‘‘crust,’’ as contrasted with one having a hard 
but brittle shell like that of oysters or clams. Since nearly all arthropods 
have a hard, flexible exoskeleton, we now use more distinctive criteria for 
assigning an animal to the class Crustacea, of which the lobster is a mem- 
ber. Crustaceans may be roughly distinguished as arthropods which 
breathe by means of gills and have two pairs of antennas. The lobsters 
and crabs are giants among crustaceans; most kinds are small animals, 
under half an inch in length. 

Although the most primitive crustaceans, such as certain branchiopods, 
now live in fresh water, the earliest crustaceans certainly lived in salt 
watery and the class is still predominantly marine. This is not surprising 
when we consider that the crustaceans as a group are the most primitive 
living arthropods, and that the ocean, being the easiest place to live 
in, requires the fewest adjustments on the part of its inhabitants. Because 
of their tremendous volume, the seas provide relatively constant salt con- 
tent, oxygen content, and temperature throughout the year. The salt con- 
centration of animal tissues is much closer to that of sea water than to 
fresh water. Besides, sea water is buoyant, oflPering greater support. Crus- 
taceans are so abundant in the ocean that they have been called “the in- 
sects of the sea,’’ and there is hardly any way of life in the sea not followed 
by some member of this diversified class. 

Among the most highly modified crustaceans are the barnacles, sessile 
marine animals which live attached to rocks, wooden pilings, ships, and 
tho bodies of many animals. If you are surprised to find them among the 
arthropods, you are like most laymen, who assume them to be mollusks 
because of their thick calcareous shells. Early zodlogists, too, classified 
them with the mollusks imtil their true relationships were discovered 
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through a study of their development. The young larva which hatches 
from the egg is free-swimming. In the possession of three pairs of ap- 
pendages and in other characters it resembles the nauplius larva, char- 
acteristic of crustaceans. After swimming about for a time, it undergoes 
changes and then settles on some solid object, becoming attached by the 
head end. In spite of their extreme modi- 

fications, adult barnacles can be recognized J ^ 

as arthropods by their chitinous jointed y ^ 

appendages, which are two-branched, as in 
other crustaceans, and are heavily fringed ^ 

with bristles. The appendages are thrust 
out of the shell and sweep through the 
water like a casting net, entrapping small 
animals and organic fragments. With few 
exceptions barnacles are hermaphroditic; 
and, as in many other groups of ani- 
mals, this is thought to be associated with 
their sessile life, which prevents contacts 
between individuals. Another curious rna- 
rine crustacean closely related to the bar- ^ 0 

nacles is Sacculina, which has a free-swim- ^ % 

ming nauplius but in the adult stage fas- $ % 

tens onto a crab and sends rootlike proc- 
esses into every part of the host’s body, Cyclops, so named from the single me- 
parasitizing it so completely as to serious- about A mch long and is 

ly affect its whole physiology and arrest Mature females U8U»llyW two groups 
its growth. of eggs attached to the body. Most 

The crustaceans have done almost as of the order Copepoda are 

„ . ^ , , •1,1a marine, but fresh-water copepods are 

well m fresh water when we consider that abundant and form an important 

this medium is a more difficult one for all part of the food of fishes. This food 
groups of animals and that, compared with relationship is reversed in the case of 

the ocean, which is sometimes described (Modified after Herrick) 

as a “thick soup” because of the abun- 
dance of its animal life, fresh water hardly rates the title of “thin lemon- 
ade.” To invade the rivers that connect directly with the ocean, a crusta- 
cean must not only become adjusted to the lowered salt content but must 
be able to maintain itself against the downstream current. This is not so 
difficult for the adults, but their small and fragile larvas are easily swept 
downstream and back into the ocean. No doubt this has been a factor 
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in preventing some invertebrate 
groups from ever establishing 
themselves in fresh water. The 
ones that are successful usually 
suppress the free-swimming lar- 
val stages, and the young hatch 
as miniature adults. Further, 
bodies of fresh water are subject 
to violent fluctuations of tem- 
perature, and small ponds dry 
completely in the summer and 


freeze solid in the winter. Crustaceans have 
become adapted to these rigorous conditions 
by the development of thick-shelled eggs 
which resist drying and freezing. 

Adaption to land life is a still more difficult 
step. Temperature fluctuations are even 
more extreme, drying is a constant threat, 
and breathing mechanisms must be adapted 
to air respiration. A few crustaceans, some 
crabs and “wood lice,” are fairly successful 
on land — but only because they avoid certain problems by living in moist 
places. For truly successful land forms we must look to the other cla.sses 
of arthropods. 

ARA(mNIDS 

T he class Arachnida includes the spiders, scorpions, mites and ticks, 
harvestmen (“daddy longlegs”), and a few minor groups. No other 
class of animals is less loved by most people. There is some basis for this 
dislike, in that scorpions and some spiders can inject a poison which pro- 
duces painful, though usually not serious, results in man; some mites are 
parasites in human skin; and some ticks suck human blood and spread 
disease. But relatively few people in large cities have ever had a single 
unpleasant experience with an arachnid. The sinister reputation of a 
group like the spiders, which do little harm and some good (by killing 



Ostracods are minute crustaceans, 
mostly fresh-water forms. The ani- 
mal lives incased in a bivalved cara- 
pace. When the valves arc open, as 
shown here, it can protrude the ap- 
pendages which propel it througli 
the water. (Modifietl after Turner) 



Daphnia is the most common fresh-water representa- 
tive of the cladocerans, an order of small crastaceans 
(Daphnia is about ^ inch long, but most forms are 
smaller) which have a compact body often inclo.sed in 
a bivalved carapace. They swim by rapid jerks of the 
large two-branched second antennas. (Modified after 
Herrick) 
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insects undesirable to man), is based on nothing more than a vague fear 
of animals which have long legs, run rapidly, live in dark places, and 
catch their prey in webs or other traps. 

Hardly any description will fit all the orders; but. in general, arachnids 
are terrestrial arthropods which have the body divided into two main re- 
gions: a cephaloihorax bearing six pairs of appendages, of which four of 
the pairs are walking legs, and an abdomen which has no locomotory 
appendages, though it may have some other kind. The /our fairs of walk- 
ing legs usually serve as a convenient, if superficial, way of distinguishing 
arachnids from insects, which have only three pairs. But the difference 
between the groups is much more deep-seated. Arachnids differ from crus- 
taceans and insects in having no compound eyes, only simple ones. And 
they are even more clearly marked off from crustaceans, centipedes, mil- 
lipedes, and insects by the nature of the segmental appendages on the 
head. Arachnids have no antennas, the function of these organs being 
served by an abundance of sensory bristles or “hairs” with which the 
body and particularly the appendages are covered. Also, they have no 
true jaws homologous with those of crustaceans and most other arthro- 
pods. None of the arachnid appendages are completely specialized for 
chewing, but on the basal segments of one or more of them are sharp biting 
processes. Many primitive arthropods have such chewing processes on 
the bases of the appendages, and it is thought that from such structures 
came the more specialized jaws of crustaceans or insects. In front of the 
mouth (on the third segment) arachnids have a pair of cheliceras, ap- 
pendages which may take the form of pincers or of sharp, fanglike claws. 
Behind the mouth (on the fourth segment) is a pair of pedi palps, leglike 
appendages that serve a sensory function, as in spiders, or are used for 
seizing prey, as in scorpions. Among the various arachnids either the 
cheliceras or the pedipalps are the important weapons of oflfense, but 
never both in the same animal. 

The spiders are by far the largest and most widely distributed order of 
arachnids. A generalized description of a spider, though applying in many 
respects only to this one group, will give some further idea of arachnid 
structure and habit. 

I N A spider the cephalothorax is covered by a shield, the carapace, on 
which are set the simple eyes, usually eight in number. The cheliceras 
are sharp and pointed and are used for capturing and then paralyzing the 
prey by injecting a poison. Ducts from a pair of poison glands lead through 
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the cheliceras and open near their perforated tips. The pedipalps look 
like legs but are sensory, and their basal joints have jawlike processes 
which hold and compress the prey. In the male the pedipalps are modified 
for transferring the sperms to the female. The four pairs of walking legs 
end in curved claws. The abdomen shows no external evidence of seg- 
mentation and has no appendages except the spinnerets, of which there 
are usually three pairs. The spinnerets are finger-like organs which have 
at their tips a battery of minute spinning tubes (sometimes a hundred or 
more on each spinneret), from which the fluid silk issues, and then hardens 
as it comes in contact with the air. The spinning tubes connect with sev- 
eral kinds of silk glands which produce different kinds of silk for spinning 
various parts of the web, making a protective cocoon for the eggs, binding 
the prey, etc. Some of the tubes produce not silk but a sticky fluid which 
makes the threads of the web adhesive. 

When an insect or other small animal becomes entangled in the web, 
the spider apparently feels the tugging, for it hurries to the scene, seizes 
the struggling animal, and, holding it between the jawlike processes on 
the pedipalps, injects a poison. If the prey is large and formidable, the 
spider may use a more indirect method, first binding its victim with silk. 
The mouth of the spider is too small to swallow solid food; instead, the 
animal injects a digestive fluid through the wound made by the bite of the 
cheliceras. The predigested, liquefied tissues of the prey are then sucked 
up by means of a muscular sucking stomach (aided by the squeezing ac- 
tion of the pedipalps and the sucking action of the pharynx). Beyond the 
sucking stomach the digestive tract gives off several pairs of pouches, 
which increase the digestive and absorptive surface, and a large digestive 
gland, which branches extensively and occupies most of the spider’s ab- 
domen. This gland is the main organ of digestion and is capable of tak- 
ing up very large quantities of food at one time, storing it, and then 
gradually absorbing it. This enables spiders to go for long periods with- 
out taking food (though they must have water quite often). 

The circulatory system is open, as in other arthropods. The heart lies 
dorsally in a large sinus and receives blood through openings in its sides. 
The excretory system, as in most other arthropods, consists of tubules 
which open into the intestine. In many spiders there are also excretory 
sacs which open near the bases of the legs. The respiratory organs are of 
two types. The lung book is an air-filled sac which communicates with 
the external air through a slitlike opening. Attached to the walls of the 
sac is a series of leaflike folds of the body wall. These ^'leaves,” which 
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have suggested the name of the organ, are held apart by supports so that 
air can circulate freely between them. The spaces within the leaves are 
filled with blood and communicate with the blood sinuses of the abdomen. 
Thus the leaves of the lung book are simply another device for exposing a 
large amount of respiratory surface to the air. The air tubes of spiders 
receive air through openings on the abdomen and convey it to the tissues. 
The smallest tubes usually do not branch extensively, as in insects. The 
air tubes are not thought to be homologous in the two groups, for arachnids 
and insects probably did not have a common ancestor which lived on 
land. Some spiders have only lung books, and some have only air tubes, 
but most have one pair of lung books and one pair of openings to air tubes. 


KING CRABS 

T he king crabs are not crabs at all but primitive marine arthropods, 
the only living representatives of the class Paleostracha. There are 
five living species of king crabs, all of 
them usually placed in the single 
genus Limulus, These animals are 
often referred to as “living fossils” 
because they have changed so little 
from the earliest fossil representatives 
of the group. No one can say with 
any certainty why they have been 
able, with “no modern improve- 
ments,” to survive in competition with 
more highly developed aquatic arthro- 
pods. Perhaps their success results 
from a combination of unobtrusive 
habits and a heavy hoodlike carapace 
which forms a complete roof over the 
body and all the appendages. 

King crabs live in shallow water 
along sandy or muddy shores. They 
can swim through the water by flapping the appendages on the abdomen, 
but spend most of the time burrowing in the sand or mud for the worms 
and mollusks on which they feed. 

Aside from their interest as archaic forms, the king crabs have attracted 
attention because they are clearly related to arachnids and, though some- 
what specialized, give us some idea of what the ancestral aquatic arachnid 



chewing process 


First walking leg of Limtdus, showing the 

chewing process on its base. 



272 


ANIMALS WITHOUT BACKBONES 


may have been like. The king crabs are, in fact, often classified as one of 
the orders of the class Arachnida, their chief differences being associated 
with their aquatic life. Attached to the flattened abdominal appendages are 
the gill books, groups of thin plates in which blood circulates; they are so 
similar in plan to the lung books of terrestrial arachnids as to strongly 
suggest that some sort of gill book was the forerunner of the lung book. 
As in arachnids, the body is divided into cephalothorax and abdomen; and 
the thorax has six pairs of appendages, of which the first is a pair of pinch- 
ing cheliceras and the other five pairs are walking legs. The first four pairs of 
walking legs have on their bases spiny processes for masticating the food. 



Tlic free-swimming larva of Limulus* Left, dorsal view; rigtUy ventral view. (After Kingsley) 


The eggs hatch into free-swimming larvas which lack the long tail of the 
adult and look much like trilobites, primitive extinct arthropods (see 
chap. 27). 

CENTIPEDE.S 

T he centipedes (“hundred-legged”) form the class Chilopoda. The 
members are land arthropods which are flattened dorsoventrally and 
have a distinct head, followed by numerous similar body segments. The 
appendages of the first body segment (seventh segment of the animal) are 
modified as a pair of poison claws. These have perforated tips through 
which a poisonous secretion, from a pair of glands, can be injected into the 
prey. Each of the other body segments, except the last two, has a pair of 
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walking legs. Some centipedes have as high as one hundred and seventy- 
three pairs of legs, and others have only fifteen, but thirty-five is probably 
an average number. The animals run very rapidly, and the numerous legs 
apparently work in perfect co-ordination. 

The head, as in all arthropods, has six segments, the appendages of 
which are homologous with those of a lobster or insect but resemble more 
closely those of an insect. There is a single pair of antennas; the jaws have 
no sensory process or palp; the first maxillas have two lobes; and the sec- 
ond maxillas are usually fused together, as in insects. There are two groups 
of simple eyes on the head ; but other parts of the body must be sensitive to 
light, for some centipedes react negatively to a bright light when the 
eyes are completely covered with heavy paint. 

In other respects they are much like insects (described in chap, 24). 
The digestive tract is a straight, simple tube. The excretory system con- 
sists of tubules opening into the hind portion of the gut. Oxygen is sup- 
plied to the tissues through branched air tubes which lead from a pair of 
openings in every segment. The circulatory system is slightly more elabo 
rate than in insects, having a pair of arteries to every segment. 

Lithohius, a common centipede, lays its eggs in the ground. The young 
hatch with only seven segments, and the rest are added later. During 
growth the animal sheds its exoskeleton frequently. 

Centipedes are found in moist situations under the bark of decaying logs 
and under stones. They are carnivorous, feeding upon soft insects such as 
cockroaches, plant lice, and silverfish; they also eat earthworms and slugs. 
They hunt only in the dark and are probably guided in their movements 
mostly by touch, to which they are very sensitive. They seldom come 
to rest unless the body is in contact with some solid object on at least two 
sides. This is adaptive, since it keeps these animals under cover, where 
they are safe from enemies and from drying. 

Though terrestrial, such a centipede as Litkobius can survive many 
hours completely immersed in water but will die in a few hours in an un- 
covered dish of dry earth. That their habit of keeping under cover is a 
positive reaction to contact as well as a negative response to light (which 
centipedes avoid when possible) can be shown by a simple experiment. 
A Litkobius placed in a glass dish will run about ceaselessly; but if some 
narrow, transparent glass tubing is placed in the dish, the animal will soon 
come to rest in the tubing, which affords a maximum of contact with the 
surface of the centipede. 
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MILLIPEDES 

T he name millipede means “thousand-legged’’; and though this is a 
gross exaggeration, millipedes do have very large numbers of legs — in 
fact, twice as many as a centipede of about the same length, since there are 
two pairs to each adult abdominal segment. The technical name of the 
group is class Diplopoda, which refers to the double-legged situation. A 
millipede embryo has only one pair of legs to every body segment, each 
innervated by a segmental ganglion. In the adult the first four (thoracic) 
segments remain single, but the other (abdominal) segments fuse in pairs, 
so that each adult ring represents two embryonic segments and has two 
pairs of legs. 

The head has six segments with the same appendages as in centipedes 
except that the first maxillas, which appear in the embryo, do not persist 
to the adult stage. The eyes superficially resemble compound eyes, but 
each is only a clump of many simple eyes set closely together. The internal 
anatomy resembles that of centipedes. 

In contrast to the centipedes, millipedes are herbivorous, and in spite of 
their larger number of legs run much more slowly. 




Amphipods are crustaceans flattened from side to sute. Some amphipods live in fresh water, but most are ma- 
rine. The “beach fleas,” so-called tn'cause they are flattened and jump about, live a more or less b‘rrt\stria) life 
!>ti ocean beaches, feedins: on plants and animals washed up by the waves. (Photo courtesy Nature Magazine) 


Fairy shrimps are not really .shrimps but belong to the most primitive group of cTustaeeans. I'hese ( Euhrmichi- 
inin) live in fnt.sh water; their relatives, the brine shrimps. bv(‘ in salt lakes. They row themselves about, on 
their backs, by rneajis of nunu'rous, similar, flattened appemlages (Photo by Peltier. Courtesy Nature Mag.) 


t’u/U. Nauplius larva is the fir^t stage 
alter li.atehing of many fnsb water un<l 
iti.'inne < ru''l :u<‘aus. It i.s uns('gmented and 
has three pairs of apjieudages, 1)\ wIik'Ii it 
swim- about in jerks. il'!h)t(/ot lix ing arii- 
rna!. Paeifjc t irove, ( alfornia) 


L( tt. Marine copepods ar«* minute* erusta- 
eeans ( l/^iO inch long) which oc<-ur in count 
l(*ss millions in the surface %vat4’rs of the 
ocean. TIh'V bed on miero.scopie plants and 
animals and in turn are fed on b\' all ^omip 
fisfies and main' adult ones. (Photo of liv- 
ing animal. Pacific (irove, (dilifurniu) 
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Land isopods, also called “wood lic'c“ or “s4jvv hugs,” are among the few successful land cnistaceaiis. They are 
found under logs and stones and feed on decaying vegetation. Because their delic'ate gill-like hrcatiiuig organs 
(nicxJified abdominal appendages} must l>e kept moist, they live mostly in damp places. The young develop in 
a brood pouch and emerge a.s young forms much like the arlult except in size*. (Photo by ( ornelia ( ’larke) 


Aquatic isopods (“legs aU alike”) live in fresh and salt water. These are Limnorija li^norum, marine, wood- 
boring forms, fihowD here in their burrows. Tiny animals, only 1/8 inch long, they occur in large numbers and 
cause wholesale destruction of w(x>den pilings which support wharves. (Photo courtesy Nature Magazine) 






Barnacles are >ws.sil<' marine crustaceans that grow mostly on rocks aiicJ ou the bottoms of ships, but may livt; I 
tui almost any liar<l object in the water on which the fn‘<‘-swimming nauplius larva hapfKuis to settle down. 

'I his ohl and sluggisli lobster is eovejx^d with banuu-ies, but healthy lol»sters manage to keep fr<*o of them. (Photo 
(?f livitig animal by F. Sehensky, Heligolanil) | 



Stalked barnacles. 

barnacles on 
the tootli of a whale. 

Left, gooseneck bar- 
nacles (Lcpas) hang 
ing by heavy stalks 
from a piece of drift- 
wood. The two-. sided 
shell lof>ks like that of 
a molhisk, but the 
chitinous jointed ap- 
pendages (sse<ui pro- 
truding from some of 
the shelLs) are proof 
of arthrop<xl affini- 
tie.s. (Photo by J. F. 
Pilcher, (.ialveston). 



Models of rock barnacles, Laianus, 
Ijcft, section through a barnacle with ap- 
pendagc.s withdrawn, as when disturl">ed or 
when the tide is out. Right, external view 
of same animal with extended appendages. 
Barnacles have l>een descrilied as animals 
which sit on their heads and kick food 
into their mouths. (Photo courtesy Ameri- 
can Museum of Natural History) 




Marine shrimp, SterLojms^ which shows the general tentlency of animals in tropical waters toward bizarre shapes 
and brilliant colors. This shrimp is white with bands of irridesc^ent blue-green, retl, orange, and purple, .\bout 
natural .size. (Photo of living animal. Bermuda) 
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Crayfishes hvc i., >l,n.,.ns j.,.,,.)- .,„f .-.r. very si.rnlar 1„ their Diarine relative, the 

leavenf,., f.-edi,,).; deeeye.l uifjaiiie , natter. .-.ikI .-.Ko eateh .small fish. I.ike .shi-imi-s ami lolesl, 

ivalk l„rwar,l .slowly hi.t in e,sea,,li,y enemies shm.l l.nekwani l.v smhleiily eontrael.ine the powerfn 
mnseles. (I’hoto of hvinx animal fonrtesy Sh.shI .Vonarinml 
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The lobster, lioniaru^, 
is mostly dark gn-eii 
when alive; hut when 
boiled, like this one ainl 
like millions of others 
every year, turns bright 
n'd. About half an hour 
after this pietnre was 
taken this lobst.er was 
red need lo an empty 
exoskeleton 


Swamp crayfish, t'«7A( 
hartjs, bf'side the “ehim - 
ney” which surrounds 
its burrow . ’’llie burr<7vvs 
art* I d feet deep, have 
at the bottom a water- 
hlledeavily, an<l are* built 
in swamps and meadows, 
often far from a stream. 
(I’liolo by C. Clarke) 
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The spiny lobster {Pavulirit.f) hii.s no large piiav-^rs and woiiKl seem to l>e an easy animal to ap[>roar}i. But the 
body is eovert'd with a formidable array ()f spines, and the spiny antennas are larg(‘ and deal vicious, bearing 
blows. The hesh is delicious, and the animals art' eaten extensively. In the 1. S. <he,\ occur in tin* warm waters 
off Florida and off the coast of southern California. (Photo of living animal. Courtesy Shedd A<|uarium) 


The larva of the spiny lobster is a bizarre, leaflike, 
transpanmt animal with eyes at the ends of long 
stalks. The head and thorac-ic apptmdages are pres- 
ent, but the abdomen is underdeveloped. After sev- 
eral molts, the animal comes to look like the adult. 
(Photo by William Beebe) 


Blood calls from the spiny lobster can l>e kept alive 
for a considerable time outside the l>ody. Two are 
shown highly magnified; the cell on the right was only 
1/1,250 inch in diameter and moved about actively in 
ameboid fashion. The blood of larger cnrstawans clots 
readily and is bluish from the presence of hemocyanin, 
B copper-protein compound which carries ocsygen. 
Hemoglobin, found in man, occurs in some of the 
smaller Crustacea. (Photo of living cells. Bermuda) 
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The kin9 crab, Limvlius, often called the horseshoe crah ’ Ix^cause of its .sliajx', i> no crab at all, but a primitive 
marine animal sometimes put in the same group with scorpions and spidi rs, wliich it resembles in many details. 
It lives along our Atlantic Coast, scooping its way through the sand or mud as it hunts for the bi\ alv<'s and 
worms, especially nereids, on which it feeds. (Photo by L. \V. Browin ll) 



Underside of Limulus show.^ 
walking legs and otln^r apptniflages 
that lie imder the imoleetivt* hocxl. 

the flat abdominal plates are 
attached the leaflike gills. 
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Tarantulas are large spiders which hide during the day in the cracks of trees and under logs, stones, or debris, 
and at night come out to stalk their j>r<^y. 'rhey are common in our South and Southwest, where they reach a 
length of 2 inches; their bite is painful hut rud dangerous. Some South American tarantulas have a 7-inch span 
and sometimes catcli small birds. Mf>st jH-ople insist they are revolted by tlie long legs and hairiness, but no one 
on record has ever objechtd to these sfime ciuiracters in a Russian wolfhound. fRhoto by l/ce Pa.ssmore) 
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I A garden spider spins a web and waits pa- 
tiently until a small animal becomes entangled. 
Then it rushes out, seizes the prey, injects a 
I^oison and a digestive juice, and sucks up the 
tissue fiuid.s. (Photo by Cornelia Clarke) 
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The trap-door spider lives in a silk-lined burrow and waits, 
just beneath the hinged trap door that closes the burrow, for 
passing prey. Here the spider is pouncing on a sow bug (a small 
land crustacean). (Photo by Lee Passmore) 
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Trap doors, hinged with silk, guard the entrance to 
the burro>\ of the trap door spider. ^Mien closed, tlie 
dot.>r matches the surroundings perfectly. The size of 
the d<x>r is an indication of tlie size of its occupant. 




Regeneration of a massing leg occurs if the spider 
young and growing. The adult trap-door spider, 
abort:, has n‘generatcd the right st'cond walking leg. 
'rhe young spider, ttelov:, is a miniature of the adult. 
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Just after molting the trap-dcmr spider, left, has a white, delicate cuticle and is helpless; but in a day or so 
the cuticle hardens and darkens. The old cuticle, right, was first lessened by a moulting fluid; tlien it split along 
the sides and was shed. (Photos on this page by Lee Passmore) 



Black-widow spiders iJjotrodrvtuft mactan.s) are the only really danj[^erons s]>i(lers in the I nited Stalt-s. :u! 
though eonimon in the South and v^outhwost. have Ik'<*u reporteil throughout the country, d'lu' male dcff], a*' 
most S|X‘cie,s of spider.^, is small and harmle'^s. TIk* female (righi) is 1/S? inch long, hhtck, and lias a n^d rnar 
shaped lik«' an hourglass, on the ventral side of the abdomen, d'hc \'c]U)ni is ^♦'ry poisonous, and the bite is l< 
lowed by pains and fever. Viet inis usuallv nrover aft<T two weeks, but fatalities occur. 








The eggs of spiders are inclosed in a silken bag whieh is liiiiig from the web or some solid object or is earried 
about by the female. lA:ft, o}x‘ned egg .sae of black widow, /ffg/d, the young spiders, just emerged from the egg 
sac, look like miniature adults. ( Photos on this page l\v Lix* Passmore) 
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Underside of spider s head shows fanglike cheli- 
(‘eras which bite prey and inject a poison through 
o]:x:nings near llie tips. Just Indow them arc the “jaws'’ 
of the spider— two flat plates, each top[>ed l>y a tuft 
of dark hairs. They are extensions from the f>ases of 
the pedipalps and can lx* brought together to holti prc*y 
and to s(iueeze it when the spider is sucking up its 
fluids. (Pboto by P. S. Tice) 


The pedipalps are chiefly sensory, but in male 
spiders have their ti^KS m<.Mi!fied to a.ssist in copula- 
tion. The males have been .seen to spin a .silken net 
on which tlicy deposit sperms which issue from (^ix'd- 
ings on the under side of the abdomen. Th ‘ sjxirms 
arc picked iip by the fx'drpalps, .stored in bulbs at 
their tips, and later transferred! to the female at the 
time of mating. (Photo liy lx?e Ta.ssmore) 



A harvestman (or “daddy longlegs”) is no calltni 
l>ecauise it is se<*D most often at harvest time. It 
looks like a long-legged spider but belongs to another 
group of arachnids, the phaiangids, bec-4iu.se, aitumg 
other things, the cephalothorax and abdomen are 
broadly united and there are no silk gland.s. It fee<ls 
mostly on s/nall insects, (j’hoto by Cornelia Clarke) 


A mite, as t he name implies, is small, dlusone (shown 
from ladow) found being in an ojx.'n fiekl. is C4 inch 
long — -^juite sizable as mites g<e Many of the parasiti( 
ty|)es, like those that live in the oil glands and hair foJ 
boles of the human face, are only I n() inch long. "I'here 
are four pairs of legs, as in all arinrlinids; the body i.s 
ovoid and all in one piee(>. T'hoto by P. S. Tifs*) 


Ticks are large. bhxKi-sucking mites, 
some of which parasitize man and his 
domestic animals and transmit to 
them serious diseases. Every year 
they cau.se millions of dollars of dam- 
age to cattle alone. The two shown 
at the right were kept for fi\'e years 
without fo(j<i in the laboratory of the 
I .S, Public Health S<^rvice. During 
this long {X'ricnl of stnrvatimi they 
W'ere able mainttiin within tlieir 
Ijodies the organisms that cause re- 
lapsing fever when transmitted to 
man by the bite of the lick. 7hc.se 
ticks occur in Colorado and a few 
southwestern .states, but the fever 
they transmit is not so virulent as the 
one that sw'ee})s European ctMintrie.s 
in devastating epidemics, and in 
Africa is a major scourge. Ticks are 
all parasitic, and various other mites 
cau.se disea.ses like mange in dogs and 
cattle, and itch in man; but ala^ut 
half the known mites are free-living 
on land, in fresh water, and even in 
the sea. ( Ihoto from tScfeacr Srrrwr) 
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Millipedes are usually found among decaying loaves and uuder logs in moist, shady wwkIs or under stones m 
gardens. They feed mostly on decaying plants but sometimes eat livijig nM)ts, iHK’oniing gHrd('n pe^ts. 1 heir 
long, cylindrical IkkIIcs consist of a head followed by a series of similar segments, almost all of which U’^ar 
(\vo pairs of legs. Millipede means "thousand legged," and, though this is an exagg(Talion, some common 
ones do have 11,> jMiirs. l)esj)ite the large number of legs, millij;)edes run slowly, 'hhey are timid crt*ature.s, 
i\'oidiug enemies b^^ hiding in dark plac<‘s, often curled up into a flat spiral. (I'hot.j of living animal) 
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The head (left) of a millipede is similar in mo.st respects to that of a centipede or an insect. It lues paired an - 
tennas and chewing jaws, and a pair of accessory jaws (maxillas). There are two eyes, one of wdiich can l*f' st'cn 
ju.st above the Ixase of the antenna. It appears supcrflcially like the wmj^ound eye of insects but Is only 
a clump of simple eyes set close together. The posterior end of the animal .shows the terminal anus and 

a uuml>er of typk»l segments, cylindrical in .shape and each with two [uiirs of legs. (Thotos by P S. Tice) 


The house centipede, Scvliyera, differs from other Typical centipedes have shorter, stouter legs. The 

centiiK-'des in having long, delicate legs and corn- long trunk has similar segments, as in millipedes, but 

pound ( Typir al centipedes have two (“lumps of is Halten(“d and lias only one pair of legs to a segment, 

.simple eye.',) It lives in damfi places in hons('s, (’entijKsie means ‘’hundred-legged, ’ but Scolnprndra, 

usually in )]'•' basement. It doe.s no harm and preys shown here, has *■<?] pairs of legs and the number 

(»n eockroaelies and other inseets. Slightly larger ranges from lo p>airs as in Seutigera to ]7.‘3 pairs in the 

than natural .size. (Photo by Cornelia Clarke) geophilids. (Photo by Otlio W(*bb, Australia) 



The poison claws of the centipede (shown here in a view of the under side of the head, enlarged 4 times) arc 
not jaw s but modified appendages of the first body segment. They are curved, hollow organs, perforated at their 
tips, w hicli inject a jKjison that rapidly paralyzes prey such as inse<“ts, slugs, worms, and even lizards and mice. 
I his ()-inch Rermuda centipede inflicts a bite that may keep a man in lied w ith a fever for s<?veral days. Some 
Iropical cimtiiicdes are over a foot long, (iffiolo by P. S. Tice) 





CHAPTER 24 



THE GRASSHOPPER AND OTHER INSECTS 

M otoring across the hot, dry, desolate regions of the West, one 
is surprised not by the scarcity of human beings but by the fact 
that anyone at all should choose to live in the Mojave Desert, 
when life is much more pleasant in Los Angeles, only a short distance 
away. The answer is that men, like all animals, compete with the other 
members of their species for food and shelter. And since the most desir- 
able regions are usually filled to capacity, those individuals who can adapt 
themselves to the conditions of the less favorable places have the ad- 
vantage of a relatively unexploited environment. 

The most successful animal groups are those in which the members do 
not all live in one region in competition with each other but have spread 
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out to every corner of the world that will support their mode of life. The 
problems of why particular animals live where they do, how they reached 
there from the places where they first evolved, and why they do not oc- 
cupy certain other regions which appear to be suitable for them, belong to 
a major subdivision of biology which we call animal geography and which 
we cannot adequately consider here. We can only mention, in passing, 
that arthropods, more than any other group of higher animals, are widely 
distributed. They occur in all seas, in all bodies of fresh water, and in 
every land habitat. Of the many factors that make for wide distribution, 
one of the most important is small size; and arthropods are mostly small 
animals which can be carried from one place to another by water currents, 
by the wind, on floating debris, and on the bodies of other animals. 
Equally important is mobility; and of all arthropods, the most widely 
distributed are the winged insects, some of which are not stopped in their 
migrations even by barriers such as mountains or large bodies of water. 

Ease of distribution is by no means the secret of insect success. For 
there is little advantage to animals in moving to new places if they cannot 
adapt themselves to the conditions of life there. Since the insect body 
plan does lend itself readily to structural specialization for almost any 
mode of life, insects have been able to spread from their original centers of 
distribution and are now the dominant invertebrates of tropical rain 
forest, temperate forest, prairie, plain, desert, and tundra. But even this 
is not enough. If all the insects in an oak woods were grass-eaters, they 
would be competing with each other for the limited amount of grass 
available. Instead, they show such a diversity of habits that they occupy 
every niche — and, in so doing, tap every source of energy available in that 
community. In the oak woods we would find insects living as predacious 
carnivores, herbivores, suckers of plant juices, suckers of vertebrate 
blood, pollen-gatherers, nectar-gatherers, scavengers, parasites of plants, 
and parasites of animals. Even within each of these major categories they 
do not all compete with each other. Some herbivores eat grass, some 
leaves of trees, some woody stems. Among leaf-eaters, different ones may 
specialize on particular species of plants. Among wood-eaters, some eat 
bark, some sapwood, and others only decayed wood. Of this last group, 
different ones are limited to wood in a particular stage of decay. 

Thus we see that animals meet competition either by excelling their 
neighbors in one of the more typical modes of life, by becoming adapted 
to a relatively unexploited environment, or by becoming specialized to 
exploit some source of energy not available to the other members of a 
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crowded community. This tendency of animals to spread out into every 
available niche in any habitat is called adaptive radiation. A few of the 
lower phyla, in which the simple body plan does not allow radical modifi- 
cations, show practically no radiation and are limited to a single way of 
life. For example, all sponges are sessile forms which feed by drawing 
through the body a current of water from which they strain microscopic 
particles; all bryozoans and all brachiopods are attached forms which 
feed by ciliary currents. But this is not the rule. Most phyla, particularly 
the higher ones, which have complex body plans, show radiation not only 



Diagram of a typical insect. Most insects have fewer abdominal segments, owing to loss or fusion 
at the posterior end. (After Snodgrass) 

within the phylum as a whole but also within a single class or even an 
order. In categories smaller than this there is little significant variation; 
for while the different genera of a family may live in widely separated 
parts of the world, where they do not come in competition with each other, 
usually they fill corresponding roles in their communities. 

Some variation within the family docs occur, as in the case of the bark-beetle family 
(Scolytidae). This group is composed mostly of wood-eaters which excavate tunnels just 
under the bark, but some of the members dig through the solid wood and then use the 
tunnels to grow fungi, on which they feed. This can hardly be classed as adaptive radia- 
tion, by which we imply the penetration of a group into practically all the major roles in 
any region. 
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Of all animals, arthropods best illustrate adaptive radiation. It is 
clearly shown among crustaceans but is carried to the greatest extremes 
in the insects. The name "‘insect’’ comes from a Latin word meaning 
“incised” and refers to the fact that insects generally have a sharp division 
between the head and thorax and between the thorax and abdomen. The 
head of the adult insect is all in one piece, but the six segments can be seen 
in the embryo, and some of them are indicated in the adult by the paired 
appendages. The thorax, which has undergone less specialization and 
fusion than the head, has three segments, each bearing a pair of append- 
ages, usually walking legs. The second and third thoracic segments each 
bear a pair of wings (except in certain primitive and degenerate forms). 
The abdomen is the least specialized region of insects, bring composed of 
relatively similar segments, generally without appendages, unless we con- 
sider certain structures at the posterior end of the abdomen to be modified 
segmental appendages. The external anatomy of insects varies so much 
that it is less satisfactory to generalize than to describe a particular insect 
such as a grasshopper, which is not too specialized and is therefore usually 
considered a fairly typical representative of its class. 

THE GRASSHOPPER 

T he head of the grasshopper has two compound eyes and three simple 
ones (ocelli). The compound eyes are similar in structure to those of 
the lobster; and while they are not on stalks, they have a broad field of 
vision because they occupy a relatively large area and curve around the 
sides of the head. They occur on the first head segment, which has no 
segmental appendages. The second segment bears a pair of long, jointed 
sensory antennas, homologous to the first antennas of the lobster. The 
third segment bears the upper lip (labrum), which is not serially homolo- 
gous to the other head appendages but is a secondary growth. The fourth 
has a pair of toothed hovny jaws (mandibles). The fifth is indicated by a 
pair of accessory jaws, or maxillas, each with a jointed sensory palp. The 
sixth bears the lower lip (labium), which has on each side a sensory palp. 
The labium of the adult appears as a single plate, but in the embryo it 
arises as a pair of structures which later fuse in the mid-line. Thus, each 
half of the labium is homologous to one of the second maxillas of the 
lobster. 

The thorax is partly covered dorsally by a chitinous shield and by the 
wings; but the three segments, with a pair of legs on each, are clearly 
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visible at the sides. The legs are composed of a characteristic series of 
joints (as shown in the drawing) and end in two curved claws between 
which is a fleshy pad that aids in clinging to surfaces. The first two pairs 



Lcft^ front view of tlic head of a grasshopper. llie mout li parts removed from their attach- 

ments. (After Snodgrass) 


of legs are typical walking k^gs. The third is si)ecializcd for jumping; it 
has one joint, the femur, whicli contains muscles for jumping, enlarged out 
of proi)ortion to the others. The two pairs of wings are different from each 
other. The first is hardened 
and does not function in fly- 
ing; it serves only as a cover 
for the hind wings, which do 
the actual flying. The hind 
wings are quite broad when 
in flight, but when not in 
use are folded |ike a fan and 

n, I ,1 r» . • mi • The middle leg of the grasshopper shows, in relatively 

fit under the first pair. This „,„pecialked form, the parts of a typical insect leg. (After 
arrangement is a specializa- Snodgrass) 
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tion; in most generalized insects the two pairs of wings are more alike and 
both are used in flight. The wings are made of cuticle and are stiffened by 
thickenings called veins. 

The abdomen has no appendages except those at the posterior end, 
which are associated with mating and egg-laying. The abdomen contains 
much of the machinery of the body, since the head is small and the thorax 
is nearly filled with the muscles that move the legs and wings. 




Wings of the grasshopper. Only the larger veins are shown. (After Snodgrass) 


The digestive tract consists of three parts: fore-gut, mid-gut, and hind- 
gut. The fore-gut starts at the mouth, receives a secretion from the 
salivary glands, and runs on as a narrow esophagus, which leads to the 
cTOfy a large, thin-walled sac in the thorax. On the inner walls of the crop 
are transverse ridges armed with rows of spines which probably serve to 
cut the food into shreds. The crop is mainly a storage sac which enables 
the grasshopper to eat a large quantity at one time and afterward digest it 
leisurely. From the crop the food passes into a muscular gizzard^ lined 
with chitinous teeth. At the posterior end of the gizzard is a valve, which 
prevents the food from passing into the stomach before it is thoroughly 
ground and also prevents food in the stomach from being regurgitated. 
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Digestion probably begins in the crop, for the food entering that organ is 
already mixed with salivary secretion, and it also receives some digestive 
juices which pass anteriorly from the stomach. Since the whole fore-gut is 
lined with cuticle, little, if any, absorption of food occurs there. The mid- 
gut, or stomach, which lies mainly in the abdomen, has no cuticular lining 
and serves as the main organ of digestion and absorption. Opening into 
the anterior end of the stomach are six pairs of pouches; one pouch of each 
pair extends anteriorly from the point of attachment, and the other 
posteriorly. These pouches secrete a digestive juice and also aid in absorp- 
tion. The junction of the stomach with the hind-gut, or intestine, is 
marked by the attachment of long excretory tubules. The intestine is lined 


fore-gut 


heart 


ovary 


oviduct 



mouth 


stomach pouch 

ventral nerve cord excretory tubule sperm receptacle 

Internal anatomy of the grasshopper. (Based on Snodgrass) 


with cuticle. It receives the waste materials of digestion and the nitroge- 
nous excretions of the excretory tubules. 

The excretory system consists of a number of tubules (called “Mal- 
pighian tubules,” from the name of their discoverer) which lie in the blood 
sinuses and from the blood extract nitrogenous wastes. The wastes, in 
the form of crystals of uric acid, are poured into the hind-gut and leave 
the grasshopper, by way of the anus, as dry excretions. Dry wastes are 
characteristic of small land animals, which have a limited supply of water. 

Air for respiration is not distributed by the circulatory system but is 
piped through branching air tubes (tracheal tubes) which form a definite 
system of longitudinal and transverse main trunks from which smaller 
branches ramify to all parts of the body. The air tubes lead from paired 
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openings which lie at the sides of the abdomen and thorax in the thin 
membrane between segments. The openings, or spiracles, of which there 
are ten pairs, are guarded by hairs to keep out dirt, and by a valve which 
can be opened or closed to regulate the flow of air. Their closure also aids 
in decreasing the evaporation of water. The air tubes are prevented from 
collapsing by means of spiral thickenings in their walls. They branch 



Spiracle of grasshopper, /y^//, the spiracle of thesecomi thoracic segment, as seen from tlie out- 
side. It consists of a vertical slit guarded by two valve-like lips. Righty the same viewed from the 
inside to show the muscle which pulls the two lips together to close the spiracle. (After Snodgrass) 



Respiratory system of a grasshopper, showing some of the main air tubes and air sacs. (After 
Vinal) 

freely and become so small (1 micron, or 1/25,000 of an inch, in diameter) 
that the finest ones (air capillaries, or tracheoles) are made of a single cell ; 
the smallest tubes have no spiral thickening and are usually filled with 
fluid. Oxygen in the air of the larger tubes dissolves in this fluid and 
passes, by diffusion, to the tissues. Here and there the syi^tem widens into 
large air sacs. The air is moved chiefly by diffusion; but muscular breath- 
ing movements, which alternately compress the air sacs and then allow 
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them to expand, aid in changing the air. The greater the muscular ac- 
tivity, the greater the pumping action on the air sacs and the better the 
circulation of air. In the grasshopper the first four spiracles open into one 
set of air tubes only at inspiration, and the remaining six pairs are open 
only upon expiration; this facilitates the flow of air. The larger air tubes 
are impermeable to water (thus preventing water loss) but freely per- 
meable to oxygen, wliich dissolves in the blood and has to travel only a 
very short distance to the tissues. There are no respiratory pigments for 
carrying oxygen. Carbon dioxide leaves by the reverse route but may also 
escape through the thin parts of the body surface. 

The system of air tubes, as it occurs in the grasshopper and other insects, is one of the 
factors which limits the size of these animals. Since the air must travel mostly by dif- 
fusion, it could not reach the interior of a large animal fast enough to support the degree 
of activity displayed by insects. The other main factor iji limiting the size is the chitinous 
cxoskeleton , which in a larger animal would make flying more difficult. 

The blood vessels of the circulatory system are much less extensive 
than in the lobster. In fact, there is only one vessel, the long contractile 
dorsal vessel^ composed of the tubular heart which pumps the blood for- 
ward, and its anterior extension, the aorta. In each segment through which 
it passes, the heart is dilated into a chamber perforated on each side hy a 
slitlike opening through which blood enters. The aorta carries the blood 
into the head and there ends abruptly. The blood flows out into spaces 
among the tissues and makes its way back into the tliorax, where it 
bathes the thoracic muscles. From there it enters the abdomen and bathes 
the various organs, absorbing food from the stomach and giving up wastes 
to the excretory tubules. Then it returns to the heart. The course of the 
blood is really more definite than this brief sketch has intimated. There 
are partitions which deflect the blood so that it enters one side of each leg 
and emerges on the other. In the abdomen there are two large horizontal 
partitions which aid in directing its course, and the dorsal one separates 
the cavity containing the heart from that in which the other viscera lie. 
In an open system of this kind, where the blood flows among the tissues 
instead of in definite vessels, the rate of flow is relatively low. However, 
this is no disadvantage, since the distribution of oxygen has been taken 
over largely by the system of air tubes. The blood serves mainly as the 
distributing and collecting medium for food and wastes, but it has other 
functions. It acts as a reservoir for food; and when under pressure, it aids 
in hatching from the egg, in molting, and in the expansion of the wings. 
Besides, it contains cells which ingest bacteria and wall off parasites. 
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The nervous system is a ventral, double, ganglionated cord like that of 
the lobster. The embryo has a ganglion for each segment, including six in 



Nervous system of the grasshopper, (Modified 
after Snodgrass) 


the head ; but in the adult some of 
the ganglia are fused so that there 
are only two in the head, three in 
the thorax, and five in the abdo- 
men. Still, this is a fairly gener- 
alized system, as compared with 
that of some insects, which have 
all the thoracic and abdominal 
ganglia fused into one mass. The 
brain lies above the esophagus 
and between the eyes. It is joined 
to the first ventral ganglion by a 
pair of nerves which encircle the 
gut. The brain has no centers for 
co-ordinating muscular activity; 
after removal of the brain the ani- 
mal can walk, jump, or fly. As 
in lower invertebrates, the brain 
serves chiefly as a sensory relay 
which receives stimuli from the 
sense x)rgans on the head and, in 
response to these stimuli, directs 
the movements of the body. It 
also exerts an inhibiting influence, 
for a grasshopper without a brain 
responds to the slightest stimulus 
by jumping or flying — a very un- 
adaptive kind of behavior. And 
even in the absence of any ex- 
ternal stimulation, the animal dis- 
plays an incessant activity of the 
palps and legs. The first ventral 
ganglion controls the movements 
of the mouth parts and plays 
some role in maintaining balance. 
The segmental ganglia are con- 
nected and co-ordinated by 
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nerves which run in the cords, 
l)ut each is an almost complete- ^ 
ly independent center in control fr 

of the movements of its respec- 

tive segment (dr segments) and ^ 

appendages. In some insects \rV 

these movements have been 
shown to continue in segments 

which have been severed fron. Grasshopper laying eggs in H-e ground On the 

. right IS a coinpleted batch of eggs. (After Walton) 

the rest of the body. An isolated 

thorax is capable of walking by itself, and an isolated abdominal segment 
performs breathing movements. 

The reproductive system of the male grasshopper is a pair of testes, 
which discharge sperms into a sperm duct. The duct receives secretions 
(a fluid in which sperms are conveyed to the female) from glands and then 
opens near the posterior end of the body. In the female there is a con- 
spicuous s(‘t of stout appendages near the posterior end of the abdomen. 
I'hi^se ar(‘ us(m 1 for digging a hole in the ground in w^hich to lay the eggs. 



A. B. C D. E. 


Development of an insect. A, fertilization. B, the nuclei migrate to the periphery. C, cell 
walls appear between the nuclei, resulting in a single-layered embryo which corresponds to the 
blastula of other animals. D, when segmentation first appears, the head is composed of only three 
segment.s. E, later, the first three body segments are added to the head, forming a six-.segmented 
head, which in the adult shows little trace of the original segmentation. (After Snodgrass) 
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Gradual metamorphosis of a grasshopper from first nymphal stage to adult. Between any two 
successive stages the animal molts. The first nymph has a relatively large head and no wings. 


Internally there is a pair of ovaries^ with oviducfs. The two oviducts con- 
verge into a vagina^ which opens into a genital chamber. In the sex act the 
male introduces sperms into a special sac in the female, the sperm re- 
ceptacle, in which they are stored until the time for egg-laying. The 
mature eggs pass down the oviduct and, contrary to the usual procedure 
in animals, the shell and yolk are put on before fertilization. A small pore 
is left, however, through which the sperm enters. As the eggs pass into the 
genital chamber, they are fertilized by sperms ejected from the spenn 
receptacle. 

The development of insects is rather different from that of most ani- 
mals — chiefly because of the large amount of yolk, which provides enough 
food to enable the young to develop sufficiently to be able to feed. Instead 
of dividing into two cells and then into four, and so on to form a blastula, 
the zygote nucleus divides many times without the division of the cyto- 
plasm. The nuclei then move to the periphery, and cell walls appear be- 
tween them, thus forming a layer of cells. Subsequently, cells pass inward 
until there are roughly three layers. The outermost layer is the ectoderm ; 
the endoderm and mesoderm are interior to it. Segments eventually 
appear as little hollow blocks of mesoderm. The mid-gut develops from 
endoderm. The fore-gut and hind-gut develop from infoldings of the ecto- 
derm. Since the ectoderm alone secretes cuticle, this explains the presence 
of a lining of cuticle in the fore-gut and the hind-gut. A coelom forms as a 
series of pairs of hollow sacs in the mesoderm, one pair for each body seg- 
ment. These coelomic sacs later break down and do not form the adult 
body cavity. 

The young grasshopper, known as a nymph, hatches from the egg in 
a form which resembles the adult except in the relatively large size of the 
head, as compared with other parts, and in the lack of wings and reproduc- 
tive organs. It feeds upon vegetation and grows rapidly; but since the 
chitinous exoskeleton cannot stretch very much, the animal must molt 
at intervals. Molting is a complex process which involves several steps. 
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In the adult the head is smaller in proportion to the rest of the body, and the wings are fully develoj>ed. 
(Combined from several sources) 


The outside layer is separated from that beneath by the secretion of a 
fluid from certain skin glands. This fluid dissolves part of the exoskeleton, 
which is absorbed by the epidermis and is presumably used to make the 
new cuticle. There is usually a weak spot in the skeleton down the middle 
of the back which breaks and provides an opening for the nymph to 
escape. The cuticle is finally ruptured, not by the increased size of the 
animal due to growth, which merely stretches the membranes between 
the segments, but by muscular contractions which build up great pres- 
sures on the skin. To aid in increasing temporarily the size of the body, the 
insect swallows air and closes the spiracles. The new^ly emerged insect is 
soft and white; and since it is in a precarious condition, it usually retires 
to a safe place until the soft cuticle hardens and darkens. With each suc- 
cessive molt, of which there are five in most grasshoppers, differentiation 
continues, so that the final molt results in the adult grasshopper. 


VARIATIONS IN INSECT STRUCTURE 

T O HAVE observed insec’ts at all is to have noticed that they vary 
tremendously — from flattenc'd, crawling cockroaches, which feed on 
scraps of food, to flying but- 
terflies, which suck nectar 
from flowers, anci swimming 
beetles, which chase animal 
prey. These differences are 
mostly in external structures; 
internally, insects are more 
alike. 

Variations in the digestive 

tract are related mostly to .-Garden fleas” are primWve wlngl^w in,^ 
what the animals eat. In the Collembola) which never bave had any winged ancestors. 
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cockroach, which feeds on solid food, the gizzard is well developed, and its 
lining is armed with hard plates and spines. Insects which suck juices 
have no gizzard. In the honeybee the nectar is sucked up into a honey 
stomach, which corresponds to the crop of the grasshopper. The region 
between the honey stomach and the stomach (corresponding to the gizzard 
of the grasshopper) is a valve which prevents the food in the honey stom- 
ach, designed for storage in the hive, from going into the stomach. 

Most insects obtain air for respiration through a system of air tubes; 
but some, like most of the tiny collembolans, have no air tubes and breathe 
through the body surface. Many insect larvas, which live as parasites in 
the fluids and tissues of their hosts, are equipped with well-developed 
systems of air tubes but must obtain oxygen by diffusion through the thin 
body wall. In many aquatic nymphs and larvas the spiracles do not func- 
tion, and oxygen diffuses into the body through gill-like expansions of the 
body wall which contain air tubes (tracheal gills). Some aquatic larvas 
have thin-walled expansions of the body wall or extensions of the hind-gut 
which do not contain air tubes. In the absence of certain information we 
assume that oxygen diffuses into blood contained in these structures 
(blood gills) and so finally reaches the tissues. 

There are also differences in the ganglia of the nervous system. In prac- 
tically all insects there are two nervous masses in the head, but the num- 
ber in the thorax and abdomen are more variable and depend upon the 
degree of fusion of the ganglia in these regions. The most extreme case of 
fusion is that of certain fly larvas, which have the entire ventral cord, in- 
cluding the first ventral ganglion, consolidated into a single mass. 

The excretory tubules vary in number from two to over a hundred, 
but they all function in much the same way. 

The essential parts of the reproductive organs of insects are as de- 
scribed for the grasshopper. Hermaphroditism is known to occur in one 
species (a cottony-cushion scale insect) in which the females are able to 
fertilize their own eggs. Unfertilized eggs give rise to males, which are 
rare. The males have been seen to mate with the females, but whether 
they can fertilize the eggs is not known. In some species no males have 
ever been found, and the eggs laid by the female develop without fertiliza- 
tion. In the vast majority of insects, sperms are stored in a receptacle of 
the female at the time of mating, and tho eggs are usually fertilized, as 
they issue from the oviduct, at the time of laying. 

No matter how conservative they may be in their internal anatomy, 
the insects, as a group, show the most radical modifications and the great- 
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est amount of external variation known for any class of animals. There 
are, of course, the easily observed differences in shape of body, color, and 
size. But among the variations which are most important in adapting the 
animals to their different ways of life are those of the sense organs and 
appendages. From an ancestral arthropod with numerous segments each 
bearing a pair of appendages which were all alike and primarily locomo- 
tory in function, has been derived a vast array of insects which show a 
reduction and fixation of the number of segments, a loss of appendages on 
the abdomen, and a specialization of the appendages of the anterior part 
of the body into a series of structures which are, at least on the head, all 
different from each other. Moreover, in the different insect groups cor- 
responding appendages have been modified in a great number of ways to 
fit the various animals to their particular niches. 

Insects generally agree in having as sense organs a pair of compound 
eyes, three simple eyes, and a pair of antennas. In addition, the mouth 
parts may bear jointed sensory projections, the palps, and the body is 
clothed with a variety of sensory hairs, scales, pits, etc. There may also 
be special organs of smell or hearing. 

The simple eyes probably do not form images bnt act to increase the sensitivity of the 
brain to light stimuli from the comi>ound eyes. For, if the three simple eyes are painted 
over with an opaque substance, the insect does not react to light as rapidly as if the simple 
eyes were not covered. If the large eyes are covered, the insect does not respond to light. 
In insects which learn readily, color vision can be demonstrated. In one tj^pe of experi- 
ment a table is put near a beehive, and on the table are placed cards of difiFerent colors. 
On each card is set a glass vessel filled with water, and sugar is added to the water in one 
vessel — ^say the one on the blue card. In its excursions a bee finds the sugar water and, 
while busily feeding, is marked with paint, so that it can be recognized. After the bee has 
made several trips between the table and the hive, the sugar water is switched to the 
yellow card. The bee then returns to the blue card as before, even if the card is moved to 
another position on the table, showing that the bee is reacting to color and not to position 
or odor. Similarly, a bee can l>e trained to respond to yellow or to ultra-violet. Bees 
trained to red or black cannot discriminate between these two colors, or between them 
and dark gray. However, some insects do respond to red. If bees are trained to visit blue, 
and then blue is replaced by gray on which is set a yellow card, the bees now respond to 
the gray as if it were blue, apparently because, as in the case of man, blue and yellow are 
complementary colors and gray, set next to yellow, appears blue. 

The antennas may be very long, as in crickets, cockroaches, and 
katydids. They are the chief organs of touch, for when the antennas are 
removed cockroaches can no longer be trained to turn right or left (see 
p. 296). The touch receptors of the antenna are the fine hairs with which 
it is clothed. The hairs are stiff and are joined by a very delicate cuticle 
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at their bases to the rest of the antenna. The antennas also bear organs 
for the sense of smell. 

Experiments which demonstrate the sense of smell are similar to those on color vision. 
First, it is necessary to determine if the insects react to odors. Sugar water is placed in 
small boxes, and, after bees have found them and are making trips to and from the hive, 
the box is substituted by one just like it, also containing sugar water, but sprinkled inside 
with flower extract. After the bees have made sufficient trips to get used to the scent, 
several new unscented boxes are placed beside a new scented one. When the bees return 
for more sugar, they buzz about the openings of the Iwxes but finally go inside the scented 
one. Further, when they are trained to go to one odor — say rose — they will not go to 
another, such as lavender. That the sense organs are on the antennas is shown by re- 
moving parts or all of the antennas from bees trained to certain scented boxes. When the 
last eight segments are removed from each antenna, the bees cannot distinguish odors. 
That this result is not due to the shock of the operation is proved by a control experiment 
in which some bees are first trained to visit blue boxes for sugar water. Then their an- 
tennas are removed, and it is found that they still return to the correct boxes. It may be 
noted, however, that wdth their antennas removed the bees have difficulty in entering the 
boxes probably because of the partial loss of their tactile sense. 

In some insects, as in dragonflies, to which sight is more important, the 
eyes occupy nearly the whole head, while the antennas are relatively 
minute. Scattered over the bodies of most insects are numerous tactile 
hairs. Other sense organs may occupy rather unusual places. For ex- 
ample, the sound-perceiving organs of the grasshopper are on the sides 
of the abdomen just above the base of the third legs, while those of the 
katydid are near the upper end of the tibia of the first pair of legs. Taste 

organs, which enable the insect to distin- 
guish sweet, salty, sour, and bitter, occur 
not only in the mouth but also on the anten- 
nas, palps, and feet. But just which of the 
several kinds of sense organs are the taste 
organs is not known. 

The grasshopper, representing a fairly 
generalized group of insects, has biting 
mouth parts. These are the most primitive 
kind, and they are present also in beetles 
and in many other orders of insects. Two 
other main types of mouth parts are com- 
mon: sucking mouth parts, as in butterflies; 
and piercing and sucking, as in the cicadas. 
In most butterflies the jaws are rudimen- 
tary, and the two maxillas are greatly elon- 



Head of a butterfly, showing sucking 
mouth parts. 
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gated, each forming a half-tube, so that 
when they are held together they form 
the long sucking proboscis of the adult, 
through which liquids are pumped up 
by the mouth pump in the forepart of 
the head. The proboscis is extended 
only when the insect is feeding; when 
not in use, it is coiled under the head. 

The piercing beak of the cicada con- 
sists of the mandibles, maxillas, an^l 
labium, all thought to be homologous to 
the mouth parts of the grasshopper. 

The labium is a long tube but is not in- 
serted into the food. It serves only as a 
sheath for the other mouth parts, being 
grooved on its dorsal surface to form a 
channel in which lie the mandibles and maxillas, which do the piercing. 
The mandibles are long, fine stylets with minute teeth at the end. The max- 
illas are similar but hooked at the tips; each is crescent-shaped in cross- 
section, and the two are fastened together by interlocking grooves and 
ridges to form a channel through which the food is drawn up by the suck- 
ing action of a muscular pharynx. Biting flies, mosquitoes, fleas, and bed- 
bugs have the mouth parts adapted in various ways for sucking blood. 
Other insects have still other modifications of the mouth parts, such as 
the sponging tongue of the housefly. 

The thoracic legs of insects are modified in a variety of ways, but all are 
composed of the same basic parts (figured and named in the diagram of 
the grasshopper leg). Land forms have walking legs, with terminal pads 
and claws, as in the grasshopper, for clinging to vegetation or other ob- 
jects. Houseflies have sticky pads at the tips which enable them to walk 
up smooth vertical surfaces, such as glass. Water beetles have flattened 
legs, fringed with bristles, for swimming. But the legs may serve other 
functions besides locomotion. The walking legs of the honeybee are modi- 
fied for collecting food. Each is highly specialized and quite different from 
the others, so that, together, they constitute a complete set of tools for 
collecting and manipulating the pollen upon which the bee feeds. 

The flr$t leg has many branched feathery hairs for collecting pollen. Along one edge 
of the inner surface of the tibia is a fringe of short, stiff hairs which form an eye brush 
used to clean the compound eyes. The large first joint of the tarsus is covered with long. 



Head of a cicada, showing piercing and 
sucking mouth parts. 
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unbranched hairs, forming a 'pollen brush for collecting the pollen grains that become 
caught among the hairs of the fore part of the body when the l>ee visits flowers. This 
first joint also has a semicircular notch, lined with a comblike row of bristles and known 
as tlie antenna comb. The antenna is cleaned of pollen by drawing it through the notch. 
As it is pulled through, it is held in place by a spur on the end of the tibia, which fits 
against the tarsal notch. Comb and spur togetlier are called the antenna-cleaner. The 
middle leg is the least specialized of the three. The large first tarsal joint is wide and flat 
and covered with stiff hairs which form a brush for removing pollen from the first legs and 


enlarged 

Legs of the honeybee. 

the thorax. On the lower end of tlie tibia is a spine, the sp7ir, for removing the plates of 
wax from the wax glands on the ventral side of the abdomen. The hind leg is the most 
specialized, btung fitted to carry the load of pollen. Rows of pollen combs on the inner 
surface of the very large and flattened first tarsal joint scrape the pollen from tlie second 
legs and posterior part of the abdomen. A series of stout spines, the pecten, on the lower 
end of the tibia removes the pollen from the combs of the opposite leg, and it falls on the 
auricle, a flattened plate on the upper end of the first tarsal joint. The leg is then flexed 
slightly, so that the auricle is pressed against the end surface of the tibia, compressing 
the pollen and pushing it onto the outer surface of the tibia and into the pollen basket. 
The pollen basket is formed by a concavity in the tibia, which has, along both edges, long 
hairs that curve outward. Pollen clings together and to the basket hairs because it is 
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Insects vary in shape and color more than any other 
class of animals. Some are compressed from side to side, 
like the katydid, above; and otliers are flattened dorso- 
ventrally, like the "‘leaf lieetle” at the U^i. JLarvas are 
usually cylindrical like the one at lower left. All the in- 
sects on this page resemble their surroundings; just how 
much of this is entirely accidental and how much is truly 
adaptive is still a hotly debated subject. In any case, it 
is true that the katydid and beetle, which live in dense 
foliage in Brazilian jungles, are green and leaflike, and 
the larva looks like the twigs among which it lives; while 
the Kallima butterfly of India, when at rest, lower right, 
looks like a dead leaf. (Photos courtesy Nai. Mag.) 
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The legs of insects are six in numher and are borne on llie thorax, 
the middle n'gion of the IkkIw All are composed of tlie same five 
joints and usually end iu two eurved claws. Some have sticky pads 
w bich enable the insect to walk on smooth or on ^•er^ical .surfacxes The 
least s^>ccializwi legs are simple walking legs, all three pairs much 
alike, ns in this darkling beetle. (Photo of li\ iug animal) 


The food-collecting legs of th< 

honey])ee are also used for w.dkmg 
Pollen eliug.s to hairs on legs and hod 3 
and i.s Iransh rre<] to “haskrts” or 
tin hiiid legs, here .shown well loaried 
Pli<it<j hv (x>nielia Clarke) 
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he grasping legs of the body lous<^, Pediadua 
imanus, enalrle the animal to cling to hairs on 
M‘ IkkIv of man. or more often to his clothing, 
/ith its piercing and sucking mouth parts the 
use suck.s the blood of its host. 7'hc danger lies 
>t in the bite itself but in the fact that bcnly liee 
ansmit the deadly typhus and other fevers.* The 
uc lice, all of which suck mammalian bloo<l, 
)mprise tlie order Anopujra, They lack wings 
rid metamorphosis — ^not primitively but l>y .sec- 
fidary loss, (Photo courtesy Anny Med. Mu.seuiu) 


The swimming legs of the water-scavenger lieetle arc 
flattened and fringed with bristles. Though they live an 
aguatic life, these beetles have no gills but breathe l)y 
coming to the surface at intervals to obtain air, which 
they carrj' down with them a.s a film on the undersurface 
of the body. (Photo by Cornelia Clarke) 
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The wings of insects are. typically. The thicken< 

i wu pair« of rnembrarious a})})endagcs ionii a protec 
of the thorax, lliey are stiffened by wings. Theela 
thickeniiig.s called “veins,” whi(‘h in spread out as i 
relatively unspecial imi insects, like 
the damsel flies (relaterl to dragon-flies), are very fine 
and numerous and form a network. (Photo by Clarke) 




The thickened forewings of bectje.s, usually calle<l “wing covers, * 
tonii a protective armor over tlie biMly an<l tfie inembraiums Ituid 
wings. The elaterid l)eetle slu>wn here, lias wing covers and hind w ing> 
spread out as if in fliglit. (Piioto by P. S, Tice) 





Scaly wings are found in moths and butterflies. 
The scales, shown here greatly enlarged in a close-up 
<^f a small ^Kirtion of a moth’s wing, are expanded, 
flattened bristle.s. (Photo by P. S. 
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Reduced hind wings, represented by knobs called 
”lialleres,” art* found in the crane fly (shown here), 
mosquito, housefly, and other members of the order 
DrPTERA, Notice that in these relatively speciaii/ied 
insects the wing veins are large and few in number. 


Absence of wings may be primitive, or the result 
of secondary loss as iu the <iog flea. The flea.s (order 
Siphon A pteba) are small, wingless. inst'Cis with 
piercing and sucking mouth parts and complete 
metamorphosis (Photo 11. S. Army Med. Museum) 


The mouth parts of in- 
sects consist of the same 
basic parts but are modi- 
fied for various methods of 
feeding, lii the stag bee- 
tle, right, the jaws are 
large and ft»rinidable, es- 
l>ecially in the male, and 
are used not for chewing 
but ft»r defense or holding 
the female during mating, 
d'hese l;>e<*tles are said to 
feed on honeydew and 
exudations from plants, 
which they gather up with 
their flexible, hairy labi- 
um. (Photo by P. S. Tice) 
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Piercing and sucking mouth parts occur in in- 
sects that feed on blood or on plant juices. The 
elongated i>arts are modified as a tube through 
which food is drawm up, or are stiff and sharp and 
used to make the wound. The.se last are usually fine 
stylets or fiat blades, which may have saw edges, 
as in the beak, shown hert‘, of a ‘"jHinkie” or ‘*sand 
fly.’’ As in moths, butterflies, and houseflies, the 
sucking action is provided by a muscular “pump” 
in the head. (Photo courtesy Nature Magazine) 
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The sucking tube of moths and butterflies consists of 
the two elongated maxillas, each forming half the tube. 
(Photo courtesy General Biological Supply House) 



The compound eyes of the dragonfly (X'cupy most of the head and are composed of nearly .SO, 000 separate 
units. The antennas, which look like mere bristles, one beneath each eye, apparently play a minor role. In the 
housefly the eyes have only 4,000 units aiul in some ants there are only .50, while some madunial insects hav(‘ 
no compound eyes at all and rely chiefly on their well-developed antennas. (Photo by P. S. Tici') 
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Insects breathe b3^ moans of a sj’^stem of air tubes which conimnniralo 
with the outside through ojicnings, the spiracles. h»cated along the sides 
of the iMjdy. not only in a<lults but also in the larva, alxwe. and in the 
pu]^>a at Spiracles are usually provided with hairs to exclude dust 

and with two lips which can be brought together to close the opening, 
as in the spiracle Iielow. (Photos of larva and pupa by Cornelia Clarke. 
I^hoto of spiracle courtesy General Biological Suppl.y House) 


















Air tubes branch, ramifying to all parts of the body and carrying 
oxygen directly to almost every cell. The horizontal lines are thicken- 
ings of the cuticular lining, which help to keep the walls of the tul>es 
from (xtllapsmg. (Photo courtesy General Biological Supply House) 
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Aquatic larva, Cor^dolus, breathes 
by diffusion of gases tlirough air 
tubes contained within thin-walled 
tracheal gills. (Photo by P. S. Tice) 





The most primitive insects are the bristletails, members of the order THy&ANUKA. They are wingless (and 
it is thought they never evolved any wings), have simple chewbig mouth parts and no metamorphosis. The fire- 
brat, shown here, is common in warm places, as al>out ovens, fireplaces, and steam pipes. Its relative, the silver- 
fish (which looks very much like it except for the dark markings), frequents damp, cool places, such as base- 
ments, and is commonly seen in the early morning Sh wash ba-sins and hath tubs. It is a hoiiscliold [)est, eating 
the starch in starched clothes and the paste or glue in book bindings. Actual size 3/8 inch. (Photo by P. S. Tice) 
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A cockroach with egg case. It frequently happens that one end of the case protrudes from the insect’s body be- 
fore the other end is completed, BeJ/yw lefty an egg case cut open to show the eggs. Below righty the newly hatched 
nymphs, which resemble the adult except in size and wung development. The adult, abot^e, has very reduced 
wings, but many cockroaches have large ones capable of flight. Cockroaches have chewing moutli parts and 
are destructive to all sorts of organic material, scavenging any kind of food in human dwellings, and even eating 
holes in rayon clothing and in the covers of cloth -bound books. (Photos by Ix»e Passmore) 
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Insect physiology is a 

I difficult subject, mostly 
ipecause of the small size 
»f the animals. Here the 
i?ffect of nicotine on the 
.tieart beat of a cockroach 
js being studied. The 
jnovements of a fine 
j^lass thread connected 
' CO the heart by a hair are 
magnified through a mi> 
‘!roscope and recorded 
Photographically. Cock- 
tpaches have also been 
ised in growth and leani- 
ng experiments. (Photo 
rom Seierwe Service) 
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Grasshopper Katydid 

'Phe order Orthoptera includes cockroacJies and the other insects on 
this page. Members have typically two pairs of wings, (the first pair 
thickened and acting as covers for the second pair, which are folded fan- 
like when not in flight), chewing mouth parts and gradual metamorphosis, 
the eggs hatching into nymphs. (Photos by L. W. Brownell) 


Praying Mantis 

Named for the wa\' in which it holds 
the large forelegs while waiting 
quietly for its inset't prey to ap- 
proach. (Photo by L. Keinigsl'K^rg) 
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Cricksts. Above, field cricket, a solitary insect that lives in fields or 
about houses, where it betrays its presence by chirping. (Photo by L. W. 
Brownell.) Below, tree crickets, whase high-pitched trill is one of the most 
conspicuous insect songs of summer nights. (Photo by Cornelia Clarke') 


Walking-«t{ck insect looks like a 
twig. Presumably, this aids in es- 
caping detection by enemies. (Pho- 
to by William La Varre) 
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Termites belong to an order of highly socialized insects, the Isoptera, whicli 
live in colonies. They have chewing mouth parts and gradual metamorphosis. 

( There are several castes, each consisting of both male and female individuals. 
L(\ft^ worker: middle, soldier; right, winged reproductive. The.se latter leave 
the colony, mate, and start a new colonj’. (Photos of living Kalotermefi, 7 X 
natural .size, Florida. Animals loaned by V. Dropkin) 
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Largest termite queen 

known (Macroiermes natalen- 
»i.'f ) ; actual size. The queen lays 
eggs at tlie rate of one a second, 
without cessation, during a 
lifetime of about JJO years. 
Head and thorax are small; 
only the abdomen is greatly en- 
larged. (Specimen loaned by 
A, E. Emerson.) 
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j Model of royal chamber, showing the huge queen, in the center surrounded by a few of her millions of work- 
, ers and soldiers, all of them her offspring. This species (Cofisirictotermes) has peculiar soldiers; instead of jaws, 
, they have a projection from the head which .serves as a squirt gun, through which they project a sticky secretion 
, that entangles the enemy, especially ants. The king, who is constantly present near the queen, and like her is 
, fed and cleaned by the workers, is seen at the lower left, (Photo courte.sy Buffalo Museum of Science) 




Termites eat wood, excavating tiinnels and cham- Nest, or tcrmilariuni, of an Anslralian species, 

l>ers. At tlie center is tite large royal cliaatber in which sliowing li»e large* size reached by some nests. fPliolo 

the queen lives. (Photo courtesy A. E. Emerson) by H. O. Lang. t:ourtesy A. K. Emerson) 



Upper right, damage by termites {ReticvloUrmes Jta~ 
tapes) to a book in a library at Van Buren, Arkansas. 
(Photo courtesy U.S. Bureau of Entomology) 

Right, damage to wooden structures in the M iddle 
West is trivial compared to that hi our South or in 
tropical countries, but apparently sufficient to make 
tennite extermination a profitable business. 







Lacewing fly. I^rva, lotr>er left, known as *‘aphis Ant lion. Upper left, larva which digs a pit and lies 
lion,” Ii\>es on vegetation and sucks the juices of plant buried with only the jaws protruding, ready to seize 
lice and other small insects. Pupa, upj)€r left, is any ant or small insect that falls in. The pupa, lower 
emerging from its cocoon. (Photo by Cornelia Clarke) rigid, is showm in opened pupal case. (3 X nat. size) 





Mayflies are delicate animals which emerge from streams, ponds, and lakes in 
thousands during the summer. They t>elong to the order Ephemerida; and. as this 
name suggests, they live but a single day, during which time they molt twice, mate, 
and the female lays eggs in the water. Since the adults lack fully developed mouth 
parts, they never feed. The metamorphosis is incomplete, the egg hatching directly 
into an aquatic naiad, which feeds on plant material. Some naiads require one to 
three years to get ready for their brief adult life. (Photo courtesy yaiure Magazine) 




I. The newly emerged adult has soft, limp wings 
^’hich gradually eacpand as blood is pum{x?d into 
iM^m. When hardened (right), they make the dragon- 
iy one of the fastest of all flying iiist*cts 


4. The adult dragonfly catehes small flying in 
sects. It Ijeiongs to the order Odonata, charac'terized 
by four membranous, finely netted wings, chewing 
mouth parts and in<?omplete metamorphosis 




A bug to the layman i.s aluiobi hij\ kind of insect; hut to tiie entornoloj^isi. only the rnenihers of the order 
Hemii»teiia are true hugs. Hernipt(‘ra means “half-wings" and refers to tlie fact that tht' i>asal half of the front 
wings is thickened, the pu.sterior half nieinhranon.v. The seeond pair of wings is inemhranons and folded Ih? 
neath the first. I'he mouth parts are modified for pierc'iug and sucking, and the iiu‘taoiorphosi> is gradual, 
i he southern gn.‘en-plant l)ug, Icjf, sucks the sap of garden vegetables. (Photo ct»urtesy ll.S, Hur. Entomol.) 
lUijkt, wingle.ss stuik-bug nymphs and eggs. Stink hug.s emit a fetid (;d(n' 'which remains on anything they visit, 
and thLs explains the liad taste of oe:casional IxTries in a box of otherwisi' gtK>d ones, (f’hoto by ( ornclia darke) 
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Tree hoppers live on vegetation, feeding on plant juices. 
The thorax is prolonged backward over the abdomen and 
often has a grotesque shape. Left, thorn tree hopper has 
the thorax prolonged into a single enormous horn; and when 
the animals are resting on a tliorny shrub, it is difficult to 
distinguish them from tlie plant. Above, buffalo tree hopper, 
so-called from the hump and two small horns. (Photos cour- 
tesy Nature Magazine.) The order Homopteua includes the 
insects on this page and others such as the cicada. Mem- 
bers typically have four wings (which usually are held 
sloping at the sides of the body when at rest), piercing 
and sucking mouth parts, and gradual metamorphosis. 


Plant lice, or aphids, are tipy, 
and usually green, pear-shaped in- 
sects that infest almost every kind 
of plant. They insert their beaks in- 
to stems and leaves and suck the 
juices- The life-cycle is very com- 
plex and involves both asexually 


^d sexually produced offspring and M«aly bugs, so-called because they are covered with a powdery 

both wmg^ and wingless forms. excretion, are common pests on trees and in greenhouses. The males 

Above, wingless female; below, ^ usually winged, the females usually wingless and degenerate, 

winged fen^e of pea aphid. (Photo Pseudococeus citn, shown here, is a serious pest of orange trees in the 

courtesy U.S. Bureau Entomology) gouth. (Photo by Cornelia Clarke) 
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^ • Tint ciCjKts is one of the best-known homopterans^ partly be- 
cause of its large size and the loud slirill song of the male, but 
also l>ecause certain species have interesting breeding habits 
which have long attracted attcntioii. 'fV periodical cicada, Tibi- 
cina sepUndeeim,y is popularly known as the “seventeen-year lo- 
<;wst”; but this is a misnomer, as locusts are properly migratory 
grasshoppers. Shown here w a female laying eggs in slits which 
she has made in a twig. (Photo by i. C. Tohiasl 


2. Tli« nggs, imbedded in a twig, hatch in 
six weeks into nymphs, which fall to the 
ground and bury themselves. They suck 
the juices of the roots of forest and fruit 
trees. (Photo by Cornelia CWke) 
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Aymplfes from the ground after seventeen years 

•*»d crawl up cm tree trunks. Since a whole hrood emerges at 
one time, the empty nymphal coverings may later be seen by the 
thousands, dinging to the bark trf trees. (Photo by C. Clarke) 


S. Nuwlyaiiiuroafl adult with wings part- 
ly expanded. Adults mate and soon die. 
(Photo by Knight, courtesy Natwre Mag.) 
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The Japanese beetle is typical of the order CousoPTEftA sheath 
wings”), members of which have the forewings tliickeiied as wing 
covers that protect the membranous hind wings folded beneath 
them. They have chewing mouth }>arts and complete metamorphosis. 
Middle, the larva oi the Japanese beetle, called a grub, lives in the ground, feeding on the roots of grasses. 
Bight, pupa. Japanese beetles do untold damage to fruit trees. fPhoto courtesy U S. Bureau of Untomologv) 
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Tha hazal-nut waavil is a member the snout beetles, which have tlie bead prolonged into a snout, provided 
at its tip with a pair of jaws with which it bores into plants. (Photo courtesy Nature Magazine) 
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Harctilaa baatlaa show the striking difference 
that may occur between the two sexes of the same 
species of insect. The nude has a Urge horn on 
the head and another longer one on the thorax. 
The female is smaller and has no horiis. The name 
is derived from the large si*e of the beetles, which 
are shown here about Ufe-suse. Some of them are 
even larger. (Photo courtesy Nature Magazine) 
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The rhinoceros beetle, a vorac:ioiis herbivore, excavates burrows 
in palms. The three horns are on the thorax, w'hich overhangs the 
smfdi} head. In spite of their heavy chitiuous cxoskeleton, ijcetles art* 
good flyers. On the whole, the group is very successful; almost 20,000 
species are know'u in the United States alone. (Photo by P. S. Tice) 



Whirligig beetles swim on the surface 
(if quiet ponds, feeding on small insects. 
The eyes are divided, the upper half for 
.seeing in air and tlie lower half for seeing 
in water. (Photo by Cornelia Clarke) 
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Fireflies are not flies but beetles; the wingless females and the larvas are called ‘‘glowworms/’ On the lower 
*ide of the abdomen are the li^t organs, whidi flash intermittently. That flashes enable the males to find their 
nates is shown by the fact that a fenuJe in a perforated opaque box does not attract males while one in a corked 
^lass bottle does. (Photo by C. Clarke) Rights photo made with the light of a firefly whose abdomen can be 
liscemed toward the right. About S times natural size. (For further details ou animal light see text) 







BwiWrfli*s and Motks aie nBenkers of Uie order IjmitorTE&A (‘"scaly wings"^), clianctcriBted by four large 
wtt^ ooTered witb ovcrlappiag scales, sucking moutk parts, and complete metamorpliosis. Tbe pictures on 
tbk» page show' the deveiopaaent of a typical member, tbe Monarck butterfly. (Photos by (Amelia Clarke) 
the egg (sl^wn greatly enlarged) is laid on milkweed plants. KiyAi, the larva is a caterpiflar with chewing 
^ws; it creeps about on plants feeding almost oontmuously. 
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The Cecropia moth, with wmgs fwtiy expanded, rests on a twig which bears the silken cocoon frcMii whiHi it 
emerged. Moth.s are roughly distinguished from butterflies by their noctumaJ hal>its, threadlike or feather}' 
antennas, and their manner of holding the wings when at rest; the Cecropia is exceptional in holding the wmgs 
moie like a butterfly; the tiger moth, below, has a more typical }»ositiofi. Butterflies are active during the day, 
have knobbed antennas, and hold the wings verticafiy when at rest. 




Cocoon of a ("ecropia moth, cut open. The outlines 
of the anteonas and wings can l>e seen through the 
pupal covering. (Photo by L. Keinigsberg) 




The tiger moth rests with the wings held rooflike 
over the body, the characteristic position of most 
moths. (Photo by L. W . Brownell^ 






Flies comprise the order Diptera (“two wings”), which also includes the mosquitoes, gnats, and midges. All 
have two wings (the hind wings being represented only by knobs); sucking, or piercing and sucking, mouth 
parts; and complete metamorphosis. They are among the most obnoxious of all insect pests. Houseflies spread 
tyi>hoid fever, certain mosquitoes carry malaria and yellow fever, and tsetse flies transmit African sleeping sick- 
ness. Ckrysomyia, left^ lays its eggs in sores about the eyes of cattle, right. The eggs, shown enlarged, hdow 
left, hatch into larvas, hdow center ^ which are known as screw worms and fc^ed on the tissues, causing extensive 
injury. Finally, they pupate, hdow right. (Photos courtesy U.S. Bureau of Entomology) 
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Yellow-f«v*r moaquito (Aedes aegypti). The male, kft, feeds on plant juices. The female sucks m am m al ia n 
blood and lays eggs in the water. The larva, center^ called a “wriggler,” breathes air through a spiracle at the 
posterior end. The pupa, rights breathes through two tubes that look like horns. (Photos U.S. Bur. Entomol.) 


rr- 


f 


S./A.'j* 






,, .,C-1 




Ant workers are wingless sterile, females. Only the reproductives are 
winge<l. Ants l>elong, witli l)ees, wasps, and others, to the order Hy 
krEisr(ii»TER A, characterized by four wings with very few' veins, mouth 
parts adapted for chewing or for chewing and sucking, and complete 
rnelamorpliosis. Ants are scavengers, taking to their nests any kind 
of organic matter; some species attack living animals as well. The 
two shown here are tending their “(h>ws'’ (aphids), from which they 
obtain honeydew, a sweet exudation. (Photo by Cornelia Clarke) 

Ant larvas, pupaa, and nawl^ 
emerged adults are cared for by work! 
ers, which provide protection and feet 
the larvas. Ants live in social colonie 
and are the most numerous of all tei 
restrial animals of comparable siw 
(Photo by Cornelia Clarke) 
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Hon*yb*e worker with pollen grains clinging to the 
long» branched hairs on body and legs. As in ants, the 
worker is a sterile female; but unlike ants, bee workers 
are winged. The elongated mouth parts are modified 
for sucking nectar; there are also chewing jaws for 
manipulating wax. (Photo by Cornelia Clarke) 


A swarm of honey boes includes workers, drone i 
(males), and queen. All individuals t>f a colony ai 
offspring of the queen, who may lay over a millio 
eggs during her lifetime. At any one time, a hive ma 
contain from 50,000 to 80,000 bees, almost all w’orl 
ers. (Photo courtesy U.S. Bureau Entomology) 
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lornet's nest, cut open to show the celts in wiiuli 
Ire reared the developing young. I'he whole struc- 
ure is made of bits of weather worn or dei'aj ed wood 
hewed up w ith .saliva to form a kind of paper, flor- 
ets have a social organization much like that of bees; 
“le young are fed on iii.serts brouglit to them by the 
iuge<i workers. (Photo by Cornelia Clarke) 


Oak apples are grow ths induced on oak trees by the 
larva of a hyinenopteran known as a *'gall was|>.’' 
I’he species of parasite can be determined by the t>T[)e 
of growth induced. The larva feeds on tlie green tis- 
sue.s, and the plant responds by overgrowth. After 
pufMitioD the insects emerge, mate, and lay eggs on 
new oak leaves. (PhoU) by L. W . Brownell) 




Many maps pmvlsian fMr naals wMi spMsfs; and so it is not surprisiiBK tkat Fejwtt, bekg a ytry largv 
wasp, can capture torantulas, para^rzing tfceia witk a poison iniected by the sling cm the end of the abdomen 
upper ripAl. Sometimes the wasp loses the struggle and is eaten by the tarantula; but when Pepsis is success. 

ful, she places the tarantula in a burrow m the ground, lays her egg on its body, and ck)^tlwlw^ Tbe larva 

that hatches, feeds on tbe tarantula. Then it pupates; and when tbe adult emerges, it digs its way cmt. 
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Insects spraad human diseases such as malaria, yellow 
fever, elephantiasis, African sleeping sickness, typhus, and many 
others; they are thus indirc^ctly responsible for more deaths 
than any other agency, including war. Means of control are 
well known in most erases but are not applied on a wide enough 
scale because., among other things, men spend too much time 
fighting each other instead of their real enemies, the insects. 
Shown here is the malaria moscjuito. Anopheles, sucking blood 
by inserting its piercing mouth parts through the skin. It can 
be recognized by the oblique position in which it holds the 
liody while biting. (Photo from Science Service) 


Bed bugs are fiat, wingless hemipterans 
that live in human dwellings. They hide 
during the day in cracks in the furniture or 
floors and emerge at night to suck blood 
from their sleeping hosts. (Photo courtesy 
Ui>. Army Medical Museum) 












Botfly larvas attached to the 
lining of the stomach of a horse. 
The eggs are laid on the skin, 
licked off, and swallowed by the 
horse. In the stomach they 
hatch into Urvas, which attach 
them^d[^^ and, when present in 
large numbers, cause indigestion. 
Finally, the larvas pass out w'ith 
the feces, pupate, and emerge as 
adult flies. (Photo courtesy U. 8. 
Bur. Entomol.) 
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inaacts parasitiza inaactti and so aid in the ooutrol of many insect 
pests. This 8{diynx>nioth caterpillar is covered with cocoons of a liraconid 
fly (faymenc^teran), which have dev^oped from eggs laid, by means of a 
long ovipositor, beneath the skin of the host. The larvas fed <m the tissues 
of the caterpillar, emerged through the skin, spun their cocoons, and pu- 
pated. The exhausted caterpillar will soon die- (Photo by C. Clarkej 





Insects destroy man's plant food to the cictent of hundreds of milllions of dollars’ worth every yeai*. Tjeft, 
a field of corn; right, the same field after an attack by migratoiy grasshoppers, fl^hotos IJ.S Bur. Entomol.) 



Grapefruit crop destroyed in Florida by larvas of Cotton boll weevil at work. One of the most de 
the Mediterranean fruit fly, which hatch from eggs structive insects, this snout beetle attacks only cot 

laid in the fruit. (Photo courtesy U.S. Bur. Entomol.) ton. (Photo courtesy Tj.S. Bureau of Entomology, 



Clothoa mollis and tervas. Only Damage to trees caused by bur- Corn-ear worm is a eaterpilLa) 

thelarvaa eat woolen fabrics. (Photo rowing aaitivities of bark beetles. that feeds on the tips of swee* 

courtesy U.S. Bur. Entomcdogy) (Photocourte8yU.S. Bur. Entomol.) com. (Photo by P. S. Tice) 



man in many ways. The 
hiimble bee (sIm>wd here) 
and many other insects fiot- 
Hnate flowers while collect- 
ing nectar for food. Without 
this service our orchards 
would produce no fruit and 
many crops could not be 
grown. Unfortunately, in 
warring on harmful insects 
we often kill useful ones; the 
sprays used to kill pests of 
fniH trees also poison the 
honeybees and other nectar- 
gatliercrs. Honeybees are 
about fifty times as rahiabk 
for eross-potltnaiion in or- 
chards and fields as they are 
for the honey they produce. 
(Photo courtesy TI.S. Bu- 
reau of Entomok^y) 
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SMk pro<iueed by hurvas of 
the silkworm moth is stifl a 
leading fabric and not yet 
replaced by synthctk sub- 
stitutes. Silk is obtained by 
unwinding, either by hand 
or machine, the single long 
strand, often half a mile 
tong, that forms the cocoon 
of the moth. It takes about 
5000 cocoons to make a silk 
kimono. (Photo by Clarke) 








Honay sui^lied by honeybees is 
our best-known insect food prod- 
uct. One pound of honey repre- 
sents ^,000 bee trq»s from ffewers 
to hive. In many pmis of the 
world it is the insects themselves 
that are eaten. American Indians eat grasshonpets, Grickelm and ants; numy 
races cat caterpiBars and grubs; and Africans cat termites and even fly mag- 
gots. This seems repulsive to us, but grasshoppers are dean and cat grain, 
while we eat their relatives the lobsters, that live as scavengers on the sea 
bottom. Right, toasted caterpillars of the Pandora moth are consideied a 
delicacy in some parts of Mexico. (Photo courier Nature Magaxme) 
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moist with secretions from the mouth. When the baskets are loaded, the bee returns to 
the hive and deposits the pollen in special wax cells. IVoperly combined with sugar and 
other substanc(\s, the pollen mixture becomes ‘*l,)eebread.*’ This provides a source of 
protein for l>oth adults and larvas. 

The wings of insects are flattened, two-layered expansions of the body 
wall and at first consist of the same parts: cuticle and epidermis. I.»ater 
the two opposing layers meet and the inner ends of their cells unite, except 
along the channels in which lie nerves, air tubes, and blood spaces. In later 
stages the (epidermal cells condense along these channels, forming the 
‘Veins” of the wing. The epidermal cells finally degenerate, and the adult 
wing is almost completely made of cuticle, though it may have a circula- 
tion of blood and some sense organs on the surface. 

Not all insects have wings. 'Jdie two most primitive orders (Thysanura 
and Collembola) have never developed them. In some of the more special- 
ized orders one or both pairs have been lost secondarily; the flies have only 
the first i)air, the second being rc^duced to a pair of knoblike structures; 
and the fleas and lice have lost both pairs. Besides, among the orders which 
typically have two pairs of wings, there are wingless members. In the social 
insects certain castes lack wings; and in some species the males have wings 
while the females are wingless, or the opposite. 

Typical wings are membranous structures stiffened by veins, and in 
many groups both wings arc of this type and function in flight. In the 
grasshopper we saw that the first pair of wings were leathery, not used in 
flight, and served only as covers for the hind wings. In beetles the front 
wings are still more specialized, being only stiff horny plates which serve 
to cover the hind wings and much of the dorsal part of the body. In the 
less specialized orders the wings have a dense network of veins, as in 
dragonflies. In the higher orders, as in bees, there are only a few large 
veins. Since some wings in every insect group can be reduced to a common 
basic pattern of wing venation, it is thought that they are all homologous, 
having been derived from a common winged ancestor. 

The abdomen of insects bears appendages only at the posterior end; 
these are modified for mating, or as ovipositors, sensory projections, or in 
other ways. In the female grasshopper they are used for digging a hole in 
the ground in which to lay eggs. In the ichneumon flies the ovipositor is 
long and sharp; and when, in some way, the ichneumon fly senses the 
presence of a beetle larva within a tree, the ovipositor is used to drill a 
hole in the wood and deposit eggs in the body of the larva. When the eggs 
hatch, the young ichneumon larvas parasitize the beetle larva. In the 
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honeybee, appendages at the posterior end are modified as a sting con- 
nected with poison glands, as some of ns know from painful encounters 
with these insects. 


METAMORPH OSLS 



The ant-lion is a flying insect with biting mouth parts. Its name is derived from tlie larva, which 
digs a pit in the sand and lies buried, with only the jaws protruding and held ready to grasp the first 
aut <»r other small arthroimd that falls into the pit. (See also page H of photograplis in this chapter) 

I N MOST insects the eggs develop after leaving the female, but some 
forms retain the developing eggs and give birth to fully developed 
larvas. In the tsetse fly (see figure on p. 45) even the larva is retained 
within the body of the mother and is fed from special glands; on emerging, 
it is ready to pupate. 

Not all insects undergo a development which involves changes radical 
enough to be termed a “metamorphosis.” The thysanuras and the col- 
lembolas (“garden fleas,” shown in the drawing which heads the section on 
variations in structure) hatch from the egg in practically the same condi- 
tion as the adult. They grow larger and later add joints to the antennas 
and some other appendages, but such changes are no greater than those 
undergone by most animals in their development. Some of the more spe- 
cialized orders, like the lice, have secondarily lost the metamorphosis. 
The grasshopper is an example of an insect with incomplete metamor- 
phosis. But since the nymph lives in the same habitat as the adult and 
eats the same food, this type of metamorphosis is often called gradual 
metamorphosis, to distinguish it from the more thoroughgoing changes 
of the incomplete metamorphosis undergone by dragonflies and mayflies. 
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These have immature stages which resemble the adult in general body 
form but have adaptive modifications which fit them to live in another 
habitat and eat food diiTerent from that of the adult. The dragonfly adult 
is terrestrial and catches other flying insects. "J'he young form, or naiad, 
lives in the water and feeds on aquatic animals. '^I'he 
most striking changes of all are those undergone by 
the insects with complete metamorphosis, in 
which the feeding larval stage is very different from 
the adult not only in habit but also in details of 
structure. The most familiar example of this is the 
caterpillar and the butterfly. But not all larvas are 
cre(‘ping, worm-like forms which eat vegetation. 

The ant lion larva has a broad, flattened body and 
digs a pit in the sand. It lies buried just below the 
center of the pit, with only the pair of large pincer- 
like jaws protruding (as shown in the drawing which 
heads this section). When an ant or other wingless ins('ct stumbles into 
the pit, the sand slides under its feet, carrying it down into the waiting 
jaws of the larva. Hie adult is a winged form related to the lacewings. 
In complete metamorpliosis the feeding larval stage and the adult are 
separated by a quiescent pupa stage in which the body of the larva is 
almost completely broken down and then reorganized. Since there is 
some tissue reorganization during the molting of the grasshopper and 
other insects with a gradual or incomplete metamorphosis, the changes 
in the pupa may be interpreted as a more extreme type of molting. There 
is some evidence that both metamorphosis and molting arc controlled 
by hormones, chemical substances secreted in one part of the body and 
then carried in the blood to other regions, where they initiate changes. 

The hug Rliodniuit foods upon blood and requires only a single meal between each 
growth period, after which it molts. If a bug is decapitated a few days before it is ex^ 
|K‘ctod to molt for the last time (before becoming adult), it will still molt; but if it is 
decapitated early in the last growth period, it fails to molt, though it will live for months. 
This indicates that the head influences the molting. Now, if the blood of an insect decap- 
itated just before it is expected to molt is transfused into an insect decapitated very 
early in the growth period, the latter frequently molls. Apparently, then, there is a hor- 
mone, produced by glands somewhere in the head, which controls the molting process. 

The development, in the larva or other young stages, of structures which 
do not occur in the adult or in the ancestors of the species is called 



The larva of the ant-lion 

has long curved jaws and 
maxillas which forna a pair 
of pincer-like structures for 
grasping prey and sucking 
its juices. 



296 


ANIMALS WITHOUT BACKBONES 


cenogenesis or ‘‘sidewise evolution.” The pit-digging instincts of the ant- 
lion larva and the modification of its jaws as large pincers for seizing prey 
are specializations of the young stage which adapt it to its peculiar way of 
life. It is likely that no adult ant lion ever dug pits in the sand or had siich 
large pincer-like jaws. The specializations of the mosquito larva or the 
dragonfly nymph which enable them to live in the water, where the adult 
would only drown, are examples of the same thing. Of course, all struc- 
tures which adapt the larva to its environment but are absent in the adult 
cannot be said to be cenogenetic. Many of them have been inherited from 
the racial history of the group. For example, the chewing jaws of a cater- 
pillar enable it to feed on vegetation, whereas the adult has a long 
proboscis, representing a modification of the maxillas, for sucking nectar. 
The jaws can hardly be considered as “sidewise evolution” of the young 
stage, for they arise as the appendages of the fourth head segment, and we 
know that primitive insects are all characterized by such simple chewing 
jaws. 


BEHAVIOR IN INSECTS 



Social insects are equipi>ed, from the start, with a set of instincts which fit them to their roles in 
the life of tlie colony. Here we see termite soldiers (with large jaws) guarding the colony while the 
workers carry on the other activities. 

T he behavior of insects is mostly instinctive and stereotyped, but a 
limited amount of learning is possible. Grasshoppers have been 
taught very little, but cockroaches can be trained to go to the right or left 
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by a simple method of punishment for making the wrong turn. As was 
mentioned before, in connection with color vision and smell, bees can be 
taught many things. In most species there is, of course, a difference in the 
instinctive behavior patterns of the two sexes, and the female is equipped 
with a set of complex habits connected with deposition and protection of 
the eggs. In the social insects there is even more differentiation, each 
caste inheriting a set of instincts which fit it to its role in the life of the 
colony. 


THE OKDERS OF INSECTS 



Tilt! dung beetle is u scavenger. It collects excreta of other animals. Here the beetle is shown 
using its hind legs to push a ball of dung toward its burrow. 

T he class insecta is divided into more than twenty orders, the 
exact number depending upon whether certain closely similar groups 
should be placed in separate orders or lumped together in one. Within 
each order various families are modified to follow almost every insect 
‘Svalk of life.” Among beetles, for example, there are leaf-eaters, grain- 
feeders, wood-eaters, predators, scavengers (like the dung beetle shown 
in the drawing which heads this section), parasites, and commensals, to 
mention a few. In spite of all this diversity, the members of an order have 
in common the same general structure, including similar wings, mouth 
parts, and other appendages; and they also show the same type of meta- 
morphosis. In spite of differences in shape, size, and color, they have 
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enough features in common so that typical members of an order can be 
classified at a glance as flies, dragonflies, termites, and so on. In the photo- 
graphs in this chapter, the important orders of insects are presented, with 
illustrations of some of their features, their common representatives, and 
a few of the ways in which they affect the life of other animals, including 
man. 



CHAPTER 25 



SPINY-SKINNED ANIMALS 

W ITH the arthropods we reached the peak of invertebrate 
specialization and should have closed our story. Unfortunate- 
ly, organic evolution has followed none of the rules of good 
dramatic style and is full of anticlimaxes. There is one more major 
phylum to be described, the ECHINODERMATA (“spiny-skinned”), a 
group which very early diverged from the other main lines of evolution. 
The echinoderm body plan is utterly different from that of any other 
phylum; and the best clue to its relationship to other groups is the larva, 
which resembles the larva of certain primitive members of the phylum to 
which man and the other vertebrates belong. Of this, more will be said in 
the next chapter. 

The phylum is exclusively marine and is divided into live classes; 
starfishes, serpent stars, sea urchins, sea cucumbers, and sea lilies. The 
echinoderm most familiar to everyone, even to those who have never been 
near the seashore, is the starfish. 
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A STARFISH has no resemblance to a fish and should be called a “sea 
star,’* from its shape; but the name “starfish” has gained wide usage 
and is hard to change. 

There are a little over one thousand species of starfishes, which differ in 
certain details but as a class are more similar in structure and habit than 
the crustaceans or insects, for example. 

The body of a starfish consists of a central disk from which radiate a 
number of arms. There are usually of these, but many species have a 
larger number. Because of their shape, starfishes were once classed with 
the coelenterates; but now we know that their radial symmetry has 
nothing to do with that of coelenterates but has been secondarily derived 
from a basic bilateral symmetry, as will be explained later. There is 
no head, and the animal can move about with any one of the arms in the 
lead. The mouth is in the center of the disk on the under surface. 

The body of the starfish appears to be quite rigid but is capable of a 
considerable amount of bending and twisting. The rigidity is provided by 
a meshwork of calcareous plates which are imbedded in the soft flesh. 
From these plates project numerous calcareous spines, some of them 
movable. The flexibility results from the fact that the plates are not 
united into a single shell but are distinct from each other and are joined 
by connective tissue and muscles. The skeleton is like our own in that it 
is an endoskeleton imbedded in the flesh, and differs from the exoskeleton 
of arthropods, which lies outside the body. It does not permit the freedom 
of movement of vertebrate or arthropod skeletons; but this is not im- 
portant, as the starfish cannot move rapidly anyway. 

Locomotion in the starfish is by means of a kind of hydraulic-pressure 
mechanism, known as the water vascular system, unique to echinoderms. 
Water enters this system through minute openings in the sieve plate 
(madreporite) on the upper surface and is drawn, by ciliary action, down 
a tube, the stone canal (so-named because its wall is stiffened by cal- 
careous rings), to the ring canal, encircling the disk. From the ring canal 
arise five radial canals, one for each arm. Each of these connects, by short 
side branches, with many pairs of tube feet, hollow, thin-walled cylinders 
which end in suckers. Each tube foot connects with a rounded muscular 
sac, the ampulla. When the ampulla contracts, the water, prevented by 
a valve from flowing back into the radial canal, is forced under pressure 
into the tube foot. This extends the elastic tube foot, which attaches to 
the substratum by its sucker. Next, the longitudinal muscles of the tube 
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foot contract, shortening it, forcing the water back into the ampulla 
and drawing the animal forward. Of course, one tube foot is a very 
weak structure; but there are hundreds of them, and their combined ef- 
fort is capable of moving the starfish slowly over the ocean floor. The 
tube feet can work as described only when the animal is moving over a 
rock or some kind of hard substratum. On soft sand or mud the suckers 
are of little use and the tube feet act as little legs. Moreover, some star- 



Water-vascular system of starGsli, showing essential structures. The ring canal may have one 
or more sets of vesicles; but as their exact function is not well known, they are omitted here. 


fishes have no suckers at the ends of the tube feet. In the diagram of the 
cross-section of the starfish arm it can be seen that the ampullas lie within 
the body but that the radial canal and tube feet lie outside the calcareous 
plates in the center of the under surface of the arm in a V-shaped groove 
(usually called the “ambulacral groove,” from a Latin word meaning a 
“walk,” because the double row of tube feet lining the groove reminded 
someone of a flower-lined garden walk). On either side of this groove are 
rows of movable spines, which can be brought together to close the groove 
and protect the tube feet when the animal is attacked. 
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Starfishes move rather slowly; but they have no diflSculty in running 
down their prey, for they feed mostly on clams, which move still more 
slowly, or on oysters, which do not move at all. Anyone who has ever 
tried, barehanded, to open a live clam or oyster will wonder how it can be 
done by a starfish which is not much bigger than the clam it attacks. The 
starfish mounts upon the clam in a humped up position, attaches its tube 
feet to the two shells, and begins to pull. The clam reacts to this by clos- 



Cross-seciion of arm of starfish to sViow large coelom, completely lined by a mesodermal epi- 
thelium. 


ing its valves tightly. The starfish uses the numerous tube feet in relays, 
and is therefore able to outlast the clam, maintaining its pull on the shells 
until the two large muscles which hold the valves together become 
fatigued and finally relax. When the shells gai)e, the starfish turns the 
lower part of its stomach inside out and extends it through the mouth, 
enveloping the soft parts of the clam and digesting them. The partly 
digested material is taken into the stomach and then into the five pairs of 
digestive glands (one pair in each arm) which connect with the upper 
part of the stomach. Very little indigestible material is taken in by this 
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method of feeding, and this accounts for the fact that there is practically 
no intestine and that the anus, a very small opening near the center of 



Starfish I with body wall dissected away from the dorsal surface of three arms and most of the disk, 
to show digestive system. In the arm on the lower right, the two branches of the digestive gland 
have been spread apart to show the rows of ampullas and the sex organs. The upper part of the 
stomach is unshaded; the lower part, stippled. 
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the upper surface, is used very little, 
if at all. When the starfish eats a small 
clam, it may take the whole animal 
into the stomach; the shell is later 
ejected from the mouth. 

Running beneath the water vascu- 
lar system are fluid-filled channels of 
uncertain function, but there is no 
well-organized circulatory system. The 
distribution of materials is provided 
for by the large coelom lying between 
the body wall and the digestive tract 
and filled with a fluid which bathes all 
the organs and is kept moving by cilia 
on the coelomic lining. The thin walls 
of the tube feet permit gaseous ex- 
changes, but they are not the main or- 
gans of respiration. Opening from the coelom are many small finger-likci 
projections, the skin-gills, which extend from the surface of the body 
through spaces between the calcareous plates. They have very thin walls 
through which oxygen diffuses into the coelomic fluid and carbon dioxide 
diffuses out. 

The delicate skin-gills would be in a dangerously exposed position if it 
were not that they lie among the heavy spines and are further protected by 
the pedicellarias, small pincers which occur in the spaces between the 
spines or in clumps around the bases of spines. When a small animal 
creeps over the surface of a starfish, it is caught and held by the toothed 
jaws of the pedicellarias, which thus serve to protect the skin-gills and 
keep the surface free of any debris which would interfere with their func- 
tion, In some starfishes the pedicellarias have been seen to aid in captur- 
ing small prey. 

There is no specialized excretory system. Excretion is accomplished by 
ameboid cells in the coelomic fluid which engulf nitrogenous wastes and 
then escape through the walls of the skin-gills. Probably also excretory 
are two branched pouches (shown in the diagram of the digestive system) 
which lie in the coelom and open into the intestine near the anus. 

The nervous system is simple, as in most slowly moving animals. A 
ring of nervous tissue encircles the mouth and gives off five radial nerves 
which extend along the middle of each arm below the radial canals of the 
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Small portion of the surface of a starfish 

to show the delicate skin-gills occii()yirig the 
spaces between the large protect i\'e spines. 
The tiny pedicellarias occur in “rosettes” 
around the bases of the spines and also among 
the skin-gills. 
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water vascular system. There is 
also a deeper-lying ventral system 
and one near the upper surface. 

The sense organs are poorly de- 
veloped. Sensory cells, which occur 
all over the surface, are sensitive 
to touch. At the tip of each arm is 
a pigmented eyespot and a short 
tentacle, thought to be sensitive to 
food or other chemical stimuli. 

Two ovaries or testes lie in each 
arm and open directly to the ex- 
terior through small pores in the 
angles of the arms. I'he eggs and 
sperms of starfish, like many other Pedicellaria. (After Cuenot) 

marine animals, are shed into the sea water, where fertilization occurs. 

Since the eggs and sperms are more easily obtained from mature starfish 
and sea urchins than from most other animals, they have been much used 
by embryologists to study the mechanisms of fertilization and early de- 
velopment. Eggs and sperms are single cells which cannot survive long 
in sea water; unless an egg is fertilized within a short time, it perishes. 
Sperms are attracted to the egg, and the first one that penetrates the 
membrane (which it does rapidly, leaving its flagellum outside) starts a 
physicochenfical change such that a large amount of fluid collects beneath 
the membrane, elevating it and serving as at least one of the factors which 
prevent other sperms from entering. The sperm nucleus migrates toward 
the egg nucleus, and both undergo changes preparatory to the first cell 
division, which is initiated by the entrance of the sperm. Each nucleus 
brings the hereditary contributions of one parent to the new individual. 

By subjecting unfertilized eggs to various stimuli, such as certain acids or concentrated 
sea water, it is possible to activate the egg and cause it to divide, thus duplicating the 
effect of the sperm. The larva which develops is normal in every way, though, of course, 
it has no paternal characteristics. Strong centrifuging of unfertilized eggs causes them to 
become dumbbell-shaped and finally to break in two. The lighter halves contain the 
maternal nuclei; the heavier, nonnucleated halves can be collected and fertilized by adding 
sperms to the dish. The larvas thus obtained have a father but no mother. Such methods 
make it possible to isolate maternal and paternal characteristics and also to prove that 
the reproductive cells of both sexes make equivalent contributions to the heredity of the 
offspring. Finally, fertilized eggs can be centrifuged strongly until they break in two. 
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The nucleated fragment develops normally. The nonniicleated fragment divides several 
times but eventually dies (like the Euphtes from which the small nucleus was removed; 
see p. 25). From these experiments we can see that either a male or a female nucleus is 
sufficient for development, hut apparently at least one nucleus is necessary for continued 
differentiation and life. 

After fertilization the zygote divides into two equal cells; and these 
divide into four, eight, sixteen, and so on until there results a hollow 
blastula, which is ciliated and swims about. By the end of the first day 



Two-cell stage. Four-cell stage. ('iliated blastiila. 



Early gustrula. Iteginning of outpocketing of ( oelomic sacs are pinched off. 

coelom ic sacs from primitive 
endoderm. 

Early development of a starfish, (.\fter Delage and Ilerouard) 

after hatching from the egg, the free-swimming biastula has been trans- 
formed, by an infolding of the cells at one pole, into a two-layered gastrula 
with an outer ectoderm and an inner endoderm. This infolding crowds 
out most of the old blastula cavity (blastocoel) and produces the primi* 
iive gut cavity (archenteron), which will later become the cavity of the 
digestive tract. The opening into this new cavity is called the blastopore. 
Through the gastrula stage the embryos of most animals are essentially 
alike, although they differ in size, in rate of development, in amount of 
yolk, in the equality of division of the cells, and in the particular way in 
which the gastrula becomes two-layered. As development proceeds, the 
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number of differences increases. In the starfish the next stage is char- 
acterized externally by the elongation of the larva, a decrease of cilia over 
the general surface, and an increase in the cilia along definite bands. In 
the meantime important internal changes take place. From the endoderm 
arise two out-pocketings, which gradually pinch off as two coelomic sacs. 
These eventually give rise to the coelom and its derivative, the water 



( \^loiuic sacs divide into ante- I^ft anterior coelom sends Left anterior (^uelom begins to 

rior and posterior parts. outgrowth to dorsal surface; curve around mouth and pro- 

this is forerunner of stone ca- duce buds. The larval anus is 
nal of adult. derived from the blastojmre. 



Rudiments of five ra«lial canals The right and left posterior A new anus has formed dor- 

are seen as binls from the left sacs form the main b<»<ly cav- sally and does not show in 

anterior coelomic sac. ity of adult. this view of tlje ventral sur- 

face. 

Further development of a starfish. (After Pelage and Herouard) 

vascular system. I^p to this point the larva has been bilaterally symmetri- 
cal. But after each coelomic sac divides into an anterior and a posterior 
portion, changes begin which transform the bilateral larva into a radial 
adult. The left anterior coelomic sac sends a tubular outgrowth to the 
upper surface, where it opens by a pore in the ectoderm. Cilia lining this 
tube draw water into the coelom, and this pore canal is the forerunner of 
the stone canal of the adult. In some starfishes the bilateral symmetry 
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persists somewhat longer, and the right anterior coelom also sends a pore 
canal to the upper surface, though this canal finally closes up and is lost. 
This suggests that the ancestral starfish originally produced similar organs 
on both sides, and that the radial condition of modern starfishes is a result 
of the degeneration of the right-hand side of the embryo and an over- 
growth of the left side. The hind portion of the left anterior coelom soon 
produces another hollow outgrow^th, which encircles the mouth and be- 
comes five-lobed. This is the beginning of the water vascular system 
(shown in solid black in the diagram). The circular outgrowth becomes 
the ring canal, and the five lobes represent the rudiments of the future 
radial canals. During the development of the coelom and its derivatives 
the endodermal layer differentiates into the esophagus, stomach, and in- 
testine; the blastopore serves as the larval anus. The esophagus bends 
ventrally and meets a tubular ingrowth from the ectoderm, which breaks 
through to form the mouth. Meanwhile, the external surface of the larva 
has been greatly expanded by the extension of lobelike processes which 
enable the larva to float easily. Certain of the ciliated bands are carried out 
on these processes, and the beating of their cilia propels the larva about. 
Food-bearing currents are created by the cilia on bands near the mouth. 

The free-swimming starfish larva (called a hipinnaria) has bilaterally 
symmetrical lobes bearing ciliated bands. Other echinoderms have similar 

but distinctive larvas, some of them with very 
much longer lobes. At least in the earlier stages, 
all echinoderm larvas have certain characteristics 
in common. They are bilaterally symmetrical, 
swim by means of longitudinal looped ciliated 
bands, have a similar digestive tract and a coelom 
which connects with the upper surface by a tu- 
bular canal. All this suggests that there must have 
been some ancestral echinoderm larva which em- 
bodied all these features and from which all the 
different classes of echinoderms have been derived. 
This hypothetical ancestral larval type (called the 
dipleurula) contrasts strongly with the trocho- 
phore-like ancestor from which, it is believed, has 
come the flatworm-mollusk-annelid stock. 

To return to the starfish development, we see 
next that the bilateral larva settles down on 


ciliated bands 



The free-swiramiiig larva of 
a sfarfish is bilaterally sym- 
metrical and has ciliated bands 
for locomotion and feeding. 
(After Field) 




Most starfishes live on rocky coasts, w}i«re the hard suKstratum furnishes a placf^ of attachment for the; 
suckers of the numerous tula* feet with which thest‘ aiiiinaJs pull themselves slowly over the rocks. When the 
tide is out, starfishes eau l>e s<?en clinging to the ex;K>scd algae-covered nx'ks, like the one in the picture beloWy 
or in shallow tide }mx)Is. Some starfishes can live on sandy tx)ttoms, and these may have su(‘kerles,s tube feet 
which an* use<l like rows of little legs to walk over the sand. Many whole groufxs of invertebrates are confined al- 
mo.st entirely to ren ky shorf‘S, esfa^ciaily the scs.sile types like sfx>nges, sea anernorie.s. barnacles, tube worms with 
calcarwus tubt*.s, and st^s.sile bivalves. C'ret^ping animals like chitons and most snails live where roc^ks afford a 
hard surfae*e and a pla<*e of attachment f<>r the algae on which they feed. (Pacific Cfjrove, California) 
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Abort?. Starfish about to eat a mussel (bivalve). The tube feel, 
whirh are applied to the glass of the aquarium and to the mollusk, w ill 
soon pull the two valves apart as the exhausted bivalve yields. (Tliob 
of living animal b^’ W. K. Fisher, Pacific Grove, (’alifoniia) 

Jj’ff. Starfish mops are u.sed to remtm* starfishes from oyster i)e(is. 
where they caust‘ great damage, 'llie mops are dragged over tin' sea 
bottom, and the animals art‘ caught when the small pincers (pedici l 
larias) take hold of the threads. At one time sUirfishes collected in ibis 
way were chopped up and thrown back. Siu<*e they regcncrat(' easi)\'. 
this method incrca.sed their numf)ers. (International News Plioto; 
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Starfishes regenerate easily. This one-armed starfish is rcgtmeral 
ing four new arm.s, which apfx^ar as buds gnawing from the disk <al 
the end to the right:. (Photo by Otho Webl», Australia! 



Six^mtd starfish. Tbe larvae of .some stai-fishes, tike those of Lejjias- 
tenas^ shown here, have no free-swimming stage but are sheltered in a brood 
chamber on the lower side of the female and emerge as little starfishes. 
(Photo by W. K. Fisher, Pacific Grove, California) 


A starfish rights itself (% 

to hotiom) by Ijending its stifl 
arras and pulling wdth the tufx 
feel. (Photo of living animal 
Pacific (irove, California) 


Serpent stars crawl over the rxeaii floor hy agile movements of their arms, which are also usG<i to entrap sim 
animals like worms and crustaceans. Most species are five-anmxl. hnl ones with six, seven, or eight, arms a 
known, and .some have hraruJu'd arms. 1/2 actual .si/.c. (Photo by D. P. Wilson. IM^miouth. Kngiand) 
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Serpent stars an- named from the writhing snaVelike movements of the arms. IV-y are also railed “hrittlc 
stars t«.rause of the ease with whieh the arms come off when seized by man or other enemies, hut regeneration 
»s rapid. About natural size. (Photos of same .animal tak<‘n in rapid succe.s.sion. Pacific (irovc ( alifoniia) 




Underside of serpent star to show oeulriii rnonth from which radiate five arms. The lube feet lack suckers 
ainl aiu}njl!a.> atid fiirielioii oulv as tactile s( nso organs and for res[>iratioii. (Jdiolo by ih S. 'i’ice) 



Sea urchins in a tide pool among some large aiiemoiies. ITrchins live mostly near ro< ky shores, feeding on algae 
and decaying materials, and serving as one of the many kinds of scavengers that keep the scia bottom from be- 
coming foul. In some Mediterranean countries, urchins are <x>lle<‘ted by the hundreils of thousands for their sex 
organs, which art? considered grK;d eating. (Photo l)y W. K. Fisher, Pacific (irovc, California) 



^he tube feet uf M*a urchins end in suckers and are 
Jong and slender, extending l>e.vond the spines. Ihdh 
ire used in locxmiotiun, the tulK? feet l>eing inovi'd hy 
;I»auges in pressure in the water vascular system, the 
ipines by muscles, AU>ut 1/2 natural size. (.Photo uf 
iving animal. Pacific Cirove, California) 



The test or .skeleton of a sea urchin is globular an<l 
made up of fused calcareous plates. The spines an: re 
moved, but their j>ositions are indicated l>y the round 
protul>eranc<‘s on winch tliey were pivoted. The five 
double rows of lioles are of.>enings through nhich the 
tube feel protruded . 



1. IJnfertilLzed egt^ 2. Fertilized egg. 



3. Two-ct‘Ile<l stage. 



4 . Twx) cells, each divide. 



The development of a &ea urchin is representative of animal development* and equivalent sbq^es occur in all 
animals from the hydra on. As the embryo divides, the cells become progressively smaller, until in the l>la.stiiLii 
stage, at the time of hatching from the egg membrane, they are barely distinguishable at this magniheation 
i Ar-tu;d Ki/e of unfertilized egg, l/15r» inch). (Phutomierographs by D. P, Wilson, Plymouth, England) 



Another variation in spines i.s shown by the slate-pencil sea urrhin. ^Pboto by OUio Webb, Australia) 
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Sand dollars In-lun^ t,<» tlit' sanu* cias.s as sea urcliirjs but art- fluft<MM*(i and 0(»v<Tcd with ^horl spiru's. 'fhcy 
nhiv< by iiirans of thi‘ ,spnir», ainl ‘inal! Iui>f h'ct on b*)tli .surfaces <d t.h<‘ body. Idle lart^e lube feel which pro 
Iriide frotr) the five doui>l'’ roW', -jf fioh-.'. on tile npjKT '•urface are re,sp)rut<»ry. J lu' animals swallow sand and 
diu(s{ the orit'anic maienai conlaiited in il. /l/>ori-. living .sand liodlars. AV/i.<je, t he dried t(‘sts of two sand dollars 
aiTiifiged ill {aisitums ('(►rresjMinding; to the pair above. The left ones show the up{a;r .surface.; the rij^hl ones the 
lowtn* surface with the mouth openiiig in Liie center aiwl the anus near the margin. (Pacific Grove, California) 
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i>ea cucumbers arc llcshy echim) 
derms irj which the usual spiiK's arc 
reduced to minute ossielcs ln)l»eddcd 
in the skin. When attacked, .stiuic 
throw out their viscera, leaving them 
for the enemy, meanwhile escaping 
and rcgfuicrating a new set. (tthers 
throw out sliujf' Uireads which en- 
tmigle the enemy, d'iie amnnd^ 
shown here (in a \uiv j)ool oli' the 
Au.straliaiJ coa.st ) creep ahouf on tin* 
ocean floor l>y mnseular movenn'nf'^ 
of tlie body wall, d he tul>e feet arc 
lit 1 le use<I, The animals swalloA'. saia I 
or mud and dige.->t the organ t'- ma 
t('rial. d'hey are colje<’ted in great 
pnanti tit's and, wlteu drit'd, arc 
known as “trcj>ang,” or "brchc-de- 
vicr," whicii is tlmii sliijipec] to Ciiina 
to be i)s<mJ in making a sonp. (Timto 
bv (hhi> Webb. Aiis!r:ii;.a> 
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The sea cucumber in the foreground at left show.s three of the five rows of tulw' fey t, by which the animal 
attaerhes to rrx'ks. The finely branched teiitJichrs around the mouth an.* slimy and trap small animals. The sea 
cu<‘uml>er at the right lias the IuIk* ftH t eontractecL (Tu the background an* two starfi.slies, one with o arms 
brua^ily joined to the di'^k, the oilier with S arms.} f Photo of living animals fiv F. Sr-hensky, Ifcjigoland) 
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domseen. More familiar are Uie feather HtAr« «K«I1 ^ ^ »^c<* sessile crmoafs are sel- 
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some solid object and remains temporarily fixed while it becomes trans- 
formed into the adult starfish. The left and right posterior coelomic sacs 
form the general body cavity of the adult. The larval mouth and anus 
close, and a new mouth breaks through on the original left side, while a 
new anus opens on the original right side, thus producing an adult axis 
at right angles to the larval axis. The radial canals grow out and de- 
velop tube feet. And the first signs of the adult body form appear as five 
elevations of the ectoderm. 

The symmetry of the adult starfish is called secondary radial sym- 
metry because we believe that it is only secondarily derived from an orig- 
inally bilateral ancestor. This is suggested in the adult by the asymmetri- 
cal position of the sieve plate. But the most important evidence comes 
from the larval development, in which, by a process of asymmetrical 
growth, the bilateral larva is converted into a radial adult. 

The fact that the bilateral starfish larva becomes temporarily attached 
during the time that it changes over into the radial adult is very interest- 
ing in view of what we believe to be the ancestral history of echinoderms. 
The earliest-known echinoderm fossils are fixed types. And some of the 
modern sea lilies (a class of echinoderms) have a free-swimming bilateral 
larva which becomes attached and then metamorphoses into a permanent- 
ly fixed adult. As we have seen before, bilateral symmetry is the sym- 
metry of fast-moving animals and radial symmetry seems best suited to 
sessile animals, which must meet their environment on all sides. It is con- 
sidered likely, therefore, that the ancestral echinoderm was a bilateral 
free-living animal which became radial and took up sessile habits second- 
arily, and that the modern free-living echinoderms are derived from a 
fixed ancestor, whose symmetry they still retain. 

S EA URCHINS seem very unlike starfishes; yet they have the same 
fundamental structure. A sea urchin looks like a huge animated burr 
with long sharp spines that are movable and aid the tube feet in locomo- 
tion. Instead of numerous small stony pieces imbedded in a muscular 
wall, the sea urchin has plates which are fused to form a rounded shell 
completely inclosing the soft parts. In the center of the lower surface of the 
shell is an opening for the mouth, and the anus opens by a small hole on 
top. Radiating upward from mouth to anus are five bands of minute 
holes through which the tube feet project. These five rows correspond to 
the rows of tube feet on the five arms of the starfish. If we imagine the 
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arms of the starfish bending uj)W’ard to meet, and if, at the same time, we 
fill in the angles between them by elevating and reducing the size of the 
disk so that the sieve plate will lie at the ends of the rows of tube feet, 
we can see how the round sea urchin is similar to the five-rayed starfish. 



The sea urchin is much like tlie starfish in basic plan. Above ^ a longitudinal section througli the disk 
and one arm of a starfish. Below, a section through a sea urchin. 


The sea urchin has the same type of water vascular system that was 
described for the starfish, but the feet are more slender and much longer, 
since they must project beyond the spines. The pedicellarias have three 
jaws and are usually on long stalks. The digestive tract is longer than 
that of the starfish, and the sea urchin feeds mostly upon vegetation, 
which requires more prolonged digestion. Around the mouth is an elabo- 
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rate set of five teeth, arranged radially and 
worked by muscles in such a way as to chew 
the food. The stomach cannot be turned in- 
side out, and the intestine is long and coiled. 
The anus is functional and is located to one 
side of the sieve plate. Other systems are 
very much like those described for the star- 
fish. The gonads open from five pores near 
the sieve plate. 

T he other echinoderm groups— brittle 
stars, sea cucumb(‘rs, and sea lilies — all 
deviate from the starfish about as much as 
the sea urchin but have characteristically a 
spiny or leathery skin, a water vascular sys- 
tem based upon a plan of five or multiples of 



Not all echincKlerms have promi- 
nent spines. The sea cucumbers 
have a leathery skin in which are 
imbedded microscopic plates of 
calcium carbonate. The plates 
shown here were isolated by 
mounting a fragment of skin on a 
microscopic slide and dis.solving 
away the living tissue. 


five, an extensive coelom, and a bilateral larva. These groups are illus- 


trated by photographs. 


CHAPTER 26 



INVERTEBRATE CHORDATES 

T he only major group we have not yet considered is the phylum 
CHORDATA, composed almost entirely of animals with back- 
bones and therefore no proper subject for this book. There are, 
however, a few ‘‘lower chordates’’ which have no vertebral column. These 
are mostly inconspicuous animals, seldom seen, or at least not usually 
noticed. None are of much economic importance, though the amphioxus 
is so abundant on the seacoast of China that during certain months these 
small animals are collected by the ton for human consumption. 

The amphioxus, and the other invertebrate chordates, the tunicates and 
acorn worms, are interesting chiefly because they share with the verte- 
brates certain distinctive characters found nowhere else in the animal 
kingdom, and so serve to link the vertebrates with the invertebrates. 

These chordate characters are all well shown by the amphioxus (“sharp 
at both ends”), a small, laterally compressed, semitransparent animal 
which lives in shallow marine waters all over the world. It can swim about 
by fishlike undulations of the body, but spends most of the time buried in 
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the sandy bottom with only the anterior end protruding above the sur- 
face. In this position it feeds by drawing into the mouth a steady current 
of water, from which it strains suspended microscopic organisms. 

The most distinctive chordate character, and the one from which the 
name of the phylum is derived, is the notochord, a cartilage-like rod which 
extends the length of the body and gives support to the soft tissues. It 
serves as a rigid but flexible axis on which the soft muscles can pull, and so 
permits powerful side-to-side undulatory movements of the whole body, 
which carry the animal through the water with a speed unattainable by 
flabby animals like the planaria or the nereis. 

The strong, swift swimming movements of aquatic chordates, made 
possible by a flexible internal support for the muscles, were probably a 
major factor in the early success of the group. Besides great muscularity 
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(as shown in the cross-section of the amphioxus), chordates are char- 
acterized by the prolongation of the body beyond the anus as a taily a 
region specialized for swimming and containing little else but the skeletal 
axis, nerves, and muscles. In the amphioxus the tail is very small, and 
there are no paired fins as in fishes; but running along the entire dorsal 
surface, and extending around the posterior end onto the ventral surface of 
the body for a short distance, is a ridge supported by a series of gelatinous 
fin-rays. 

The notochord is derived from the roof of the primitive endoderm and is present in 
the embryos of all chordates including man. In primitive vertebrates (lampreys) and 
some fishes the notochord persists, and the backbone, which is comp)osed of a series of 
hard separate vertebras and is stronger though just as flexible, forms around it. In all 
higher vertebrates the backbone replaces the notochord as the mechanical axis of the 
body. 

A second chordate character is the dorsal tubular nerve cord. In all 
other invertebrates which have been described, the principal nerve cord 
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was ventral or lateral in position; but in the amphioxus and other chor- 
dates, it lies between the notochord and the dorsal skin and is hollow. 
From the cord go a pair of nerves to each of the segmentally arranged 
bundles of muscles. 

The third important chordate character is the structure of the pharynx, 
which is perforated by pairs of slitlike openings. The pharyngeal gill slits, 



so named because they have mainly a respiratory function in fishes, in the 
amphioxus serve chiefly as an apparatus for straining food from the water. 
The pharynx is lined with cilia, which beat inward, producing a steady 
current of water that enters the mouth and passes out through the 
pharyngeal slits, leaving behind the suspended particles. The slits do not 
open directly to the exterior, as in fishes, but into a chamber, the atrium, 
which surrounds the pharynx and opens to the exterior by a pore some 
distance anterior to the anus. The atrium is lined with ectoderm and is 
formed, in the embryo, by the outgrowth of two folds of skin, one on each 
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side, which finally fuse in the mid-line. The walls of the pharynx, being 
perforated from top to bottom by the vertical gill slits, would collapse if it 
were not for a supporting framework of rods which run in the walls 
bounding the gill slits. The tissue with its rod, which lies between any 
two gill slits, is called a gill bar. 

The amphioxus embryo has about sixty pairs of gill slits (and they increase in number 
as the animal grows). This large and indefinite number is a primitive condition; and in 
the shark, for example, there are always six gill slits. Land vertebrates, which breathe by 
lungs, have no gill slits in the adult stage, but the slits make a fleeting appearance in the 
embryo. The human embryo develops gill pouches, but slits never break through. 

Except for the gill slits, most of the structures associated with the feeding mechanism 
of the amphioxus are peculiar to the animal and must not be thought of as primitive 
chordate characters. At the anterior end of the animal is a funnel-like hood fringed with 
a row of sensory tentacles. At the back of the hood is the mouth, a circular aperture 
Iwunded by a rim of small tentacles which can be brought together to form a kind of 
strainer for keeping out large particles. The cilia in the pharynx beat inward and down- 
ward, so that water drawn into the mouth is directed toward a ciliated groove in the floor 
of the pharynx, where the suspended organisms are trapped in mucus. By the action of 
the cilia the food-laden mucus is moved forward to the anterior end of the pharynx, up- 
ward on each side, and then backward along a ciliated groove in tlie roof of the pharynx, 
to the intestine. There the food in the mucus is digested, the mucus itself being passed 
out the anus. From the anterior end of the intestine is given off a hollow gland, the liver, 
which extends forward along the right side of the pharynx and can be seen in the cross- 
section. This gland secretes a digestive fluid; and since it arises in the same way as the 
vertebrate liver, by an outpocketing of the digestive tract, the two organs are thought to 
be homologous. Further, the blood leaving the capillaries of the intestine of amphioxus 
is not returned to the general circulation until it has passed through the capillaries of the 
liver. Such a path for the blood is found nowhere else except in vertebrates, and it fur- 
nishes striking evidence that the amphioxus is descended from the same primitive stock 
which gave rise to the backboned animals. 

The circulatory system is a closed one; and there is no heart, the blood being pumped 
by the contractile ventral vessel. In this connection it is interesting to note tliat in all 
vertebrate embryos the blood is first pumped by a simple, pulsating tube which only 
later becomes bent and constricted to form the heart. The blood receives oxygen as it 
flows through vessels in the gill bars, which are in close contact with the steady current 
of water passing through the pharynx. After passing through the gill bars, the blood flows 
into two vessels, the dorsal aortas, which unite behind the pharynx into a single vessel 
that supplies the intestine. Wastes are extracted from the blood by excretory organs, a 
pair to each pair of gill slits, which lie against the dorsal wall of the pharynx and resemble, 
strangely enough, the excretory organs of annelids. The coelom of the amphioxus has 
been partly crowded out by the expansion of the atrium. In the pharyngeal region it is 
represented only by two small cavities, which lie, one on each side of the pharynx, above 
the atrium. The sexes are separate; and the reproductive organs are paired, segmen tally 
repeated pouches which lie along the sides of the body and push the atrial walls inward, 
80 that in the cross-section they appear to lie in the cavity of the atrium. 

There are no paired eyes or other well-developed sense organs, though there is a large 
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pigment spot at the anterior tip of the nerve cord and a row of smaller pigment spots 
along the lower edge of the cord. The nerve cord does not expand at the anterior end 
into a brain but is tapered to a point. The apparent simplicity of the sense organs and 
central nervous system is probably not a primitive condition but is, more likely, a de- 
generation of the head region associated with the sedentary habits of the animal. 



Tunicate. (Modified after Delage and Herouard) 


In spite of its poor nervous system and various specializations as- 
sociated with its particular way of life, the aniphioxus is the only living 
form to which we can look for a concrete idea of what the primitive 
chordates, which gave rise to the vertebrates, might have been like. 

T he tunicates are so named because the outer layer of the body wall 
is a tough, often translucent “tunic” made of a material very much 
like the cellulose of plants. Some tunicates are free-living and swim near 
the surface; but most forms are sessile, growing permanently attached to 
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rocks or seaweeds. The simplest kind looks like an upright sac with two 
openings: one at the top, and one somewhat lower down on one side. 
When the animal is disturbed, the body wall contracts suddenly, and the 
water contained within the body is forced out in two jets — hence the 
common name ‘‘sea squirt.” The interior of the body is occupied for the 
most part by a large saclike pharynx perforated by many rows of pharyn- 
geal slits. Cilia around the edges of the slits create a current which draws 
water into the mouth at the top, through the pharyngeal slits, and out into 
the atrium, a cavity surrounding the pharynx. Food particles are trapped 
in the pharynx, and water leaves by an opening from the atrium. 

The atrium also serves as an exit for feces and sex cells, since the anus and sex organs 
(the animal is hermaphroditic) open into the atrium. There are few real blood vessels, 
the blood flowing mostly through spaces among the tissues. The heart is remarkable in 


pharynx 

tunic 


Two members of a tunicate colony. They are imbedded in a common tunic and share the same 
atrial opening, but have separate mouths. (Modified after Delage and Herouard) 

that it drives the blood in one direction during several beats and then reverses tke 
direction. 

Many tunicates reproduce asexually, as well as sexually. The buds fail to separate and 
the individuals remain together as a colony, imbedded in a common tunic, which, in the 
case of sessile tunicates, grows as an incrusting mass over the surface of rocks, shells, or 
sea weeds. The members may be arranged in small groups; and in the colonial tunicate, 
shown in the drawing which heads this chapter, there are four such groups represented. 
Each is star-shaped, and at the tips of the rays are the separate mouths of the several 
members. At the center of the star is a common opening for the exit of water. 

Except for the gill slits there is very little about such a simple, sessile 
animal to suggest any reason for including it in the same phylum with 
fishes or mammals. But the development of a txmicate tells another story. 
The larva is a free-swimming animal that reminds one of a tadpole. It has 
a large tail which contains, besides muscles, a well-developed notochord 
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The free-swimming larva of a tunicate has all three ehordate characters. (Based on several 
sources) 


and a dorsal tubular nerve cord. The trunk contains, in addition 
organs, a pharynx with slits. The larva finally settles down on 
loses the tail containing the notochord and nerve 
cord, and revamps its whole structure in adaptation 
to its sessile life. The adult has no trace of a noto- 
chord, and the nervous system is represented only by 
a ganglion in the dorsal region of the body between 
the two openings. Here we have another striking 
example of how animal relationships can be estab- 
lished through a study of the young stages, even 
though the adult is a degenerate form whose similari- 
ties to other animals are quite obscure. 


to other 
a rcK*k, 


T he most primitive of the invertebrate chor- 
dates are the acorn worms, soft, elongate ani- 
mals which burrow in the sand or mud of seashores. 
At the anterior end of the body is a muscular pro- 
boscis joined by a narrow stalk to a short, wide 
collar. The worm shown in the accompanying draw- 
ing has a long cylindrical proboscis, but in many 
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Acorn worm. (After Bateson) 
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forms (as in the ones in the drawing at the head of the chapter) the pro- 
boscis is ovoid. Its shape, and the way it fits into the collar when not 
extended, reminded someone of an acorn — hence the name of the worm. 
The proboscis and collar are used in burrowing, being distended by means 
of water which enters their hollow interiors through special pores, and 
contracted by means of muscles in their walls. The turgid proboscis is 
forced through the sand, with the collar following. The distension of the 
collar firmly anchors the anterior end of the worm so that contraction of 
the muscles in the trunk region draws the trunk forward. 



Loiigitu<iinal section through anterior end of acorn worm. (Bused on several sources) 


The mouth is in the middle of the ventral surface, at the base of the 
proboscis and concealed by the edge of the collar. As the animal burrows, 
sand passes into the mouth, through the digestive tract, and out the anus 
at the posterior tip. Organic materials present in the sand are digested. 
Water taken in passes out through the pharyngeal gill slits which open 
through the dorsal wall of the anterior part of the trunk. 

The nervous system consists of a network of nerve cells extending under 
the whole of the surface ectoderm and in the trunk region is concentrated 
along the mid-dorsal and mid-ventral lines of the body as two nerve 
cords. Only the dorsal cord extends into the collar, where it is especially 
thick, and in some species of acorn worms is hollow, suggesting a re- 
semblance to the tubular, dorsal nerve cord of a typical chordate. 

The notochord is thought to be represented by a short rodlike outgrowth 
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® of the anterior end of the digestive 

tract into the base of the proboscis. 
This outgrowth strengthens the pro- 
boscis and is composed of vacuolated 
cells like those in the notochord of 
the amphioxus, but whether it really 
corresponds to the notochord of typi- 
cal chordates is not clear. 

Aside from their interest as ani- 
mals which appear to have branched 
from the early chordate stock, the 
acorn worms, through their larvas, 
furnish one of the few real clues that 
link the chordates with any other 
phylum. The larva of the acorn worm 

fVee-swimming larva of an acorn worm, looks SO surprisingly like the larvas 
(Modified after Morgan) - , • i • i . i. . . i 

of certain echmoderms that they can 
be mistaken for them. Moreover, similarities extend beyond the structure 
of the two organisms and include several details in the formation of the 
coelom and other parts. The later development of the larvas is very dif- 
ferent, for the echinoderm larva metamorphoses into an adult with a kind 
of radial symmetry, while the adult acorn worm is bilateral. 

1% ^^TEMBERS of the phylum Chordata all have, at some time in their 
XtX life-history, a notochord, dorsal tubular nervous system, and 
pharyngeal gill slits. But in most other respects they fall into four 
groups — vertebrates, amphioxus, tunicates, and acorn worms — so dif- 
ferent that each is designated a subphylum. Of the three groups of in- 
vertebrate chordates, the amphioxus is most, and the acorn worm 
least, like the vertebrates. Since acorn worms have only a poor excuse for 
a notochord and dorsal tubular nerve cord, some zoologists question 
whether they deserve the status of chordates at all, and would place 
these wormlike animals with gill slits in a phylum by themselves. 



CHAPTER 27 



RECORDS OF THE INVERTEBRATE PAST 


A LTHOUGH animals have left no birth certificates, marriage con- 
/% tracts, tombstone inscriptions, or written documents, upon 
£ m. which students of human history depend so much, there are 
abundant records of the invertebrate past — not just of the past few thou- 
sand years but of some 550,000,000 years or more. 

Any evidence in the materials or rocks of the earth’s crust that gives 
some idea of the size, shape, or structure of the whole or any part of a 
plant or animal that once lived is called a fossil. The name is derived 
from the Latin '‘to dig” because it was, at one time, applied to almost 
anything of interest that was dug up. Coal is an indication of past life, but 
it cannot be considered a fossil because by itself it gives no idea of the 
organisms which were responsible for its formation. Nor would we 
classify as a fossil any empty snail shell that turned up while we were 
digging about in the garden, for not only must a fossil have something of 
the character of an organism but it must have age. The exact age at which 
animal remains become fossils is not fixed ; most fossils are evidences of 
organisms that lived at least 25,000 years ago; and most, though not all of 
them, are of species now extinct. 

Fossils can be formed in a variety of ways. The rarest, but also the 
most interesting, kinds are animals preserved with little or no change 
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from their condition at the time of death. Such are found in considerable 
numbers in the amber of the Baltic region of Europe, which in early 
Oligocene times (about 38,000,000 years ago) was covered with a demse 
coniferous forest. Drops of gummy resin, dripping from the trees, trapped 
spiders and mites scurrying across the forest floor or insects on the wing. 
l"he sticky resin, on fossilization, became hard amber; and the arthropods 
imbedded in it are preserved intact, sometimes even with their colors 
unchanged. So perfectly embalmed are some of the specimens that they 
have been dissected and their intestinal parasites examined. Less com- 
plete, but much more common, unaltered fossils are the shells of mol- 
lusks and brachiopods, which, even after millions of years of preserva- 
tion in the rocks, may still retain theur colors or luster. 

Most fossils, however, have undergone more or less change since the 
death of the organism. Horny coverings, such as the chitinous exoskele- 
tons of arthropods, leave only thin films of carbon in the rocks. Calcare- 
ous shells and other skeletal structures are slowly dissolved by water 
percolating through the ground and are gradually replaced by minerals, 
such as calcite, silicon dioxide, or iron sulphide, which are deposited in 
the cavities left by the slow dissolution of the original materials. Shells 
may be completely dissolved away, leaving only a cavity, on the wall of 
which is a mold of the external surface of the shell. Or the cavity later 
may be filled with some mineral, forming a cast of the original fossil. 

As we would expect, the vast majority of animal fossils are of forms 
with hard parts: calcareous shells or spicules; horny coverings, exoskele- 
tons, or jaws; and silicious coverings or spicules. But even very soft ani- 
mals like jellyfishes may leave impressions on soft mud which, if soon 
covered by a layer of fine sediment, may eventually be preserved when 
the mud hardens into roc*k. In a similar way there have been formed 
many of the indirect evidences of the former activities of animals. Tracks 
or trails impressed on muddy or sandy bottoms sometimes indicate the 
kind of appendage that left the record. Burrows in mud or sand and bor- 
ings in rocks can be identified if, as in the case of sea urchins and pelecy- 
pods, the shells or parts of the shells are left in the cavities. Certain fossil 
markings, either straplike in form or resembling the pellets eliminated by 
living animals, are interpreted as fossilized animal excreta. In some cases 
these coproliteSy as they are called, have revealed what the extinct animals 
fed on. 

In order to be fossilized, an animal must be buried at the time of death 
or very shortly thereafter; otherwise the body is likely to be eaten by 
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scavengers or disintegrated by bacteria. Fossils formed on land are 
relatively rare, for, even when land animals are covered by wind-blown 
earth or sand rapidly enough to escape destruction by scavengers or bac- 
terial decay, the potential fossils are soon removed by erosion. Only 
under exceptional conditions, such as prevail when an eruption traps 
animals under heavy layers of volcanic ash, or dripping resin accumulates 
over long periods, or land animals are caught in floods and are carried 
out to sea, do we get fossils good enough to contribute to our sketchy 
picture of ancient terrestrial life. Fossils of marine invertebrates, how- 
ever, are very abundant, for rapid burial is easily accomplished in shallow 
sea water, where there is constant shifting of the mud or sand at the bot- 
tom. Later, when by geological processes these marine sediments have 
been uplifted from the sea bottom, they present a legible record, with the 
earliest animals preserved in the lowermost layers and the most recent 
types in the uppermost strata. In most places we can examine only the 
layers fairly close to the surface, and we have no access to the hundreds 
of millions of fossils in the underlying rocks. Over certain large areas, 
however, the older rocks have been exposed by uplift and erosion. They 
can also be examined in places like the walls of the Grand Canyon of the 
Colorado, where the river has cut a cross-section a mile deep through the 
earth’s crust. 

A systematic study of the fossils found in the successive layers of rock 
reveals, not only that animals have been present on the earth during at 
least 550,000,000 years for which we have good fossil records, but that 
the deeper we go into the rocks the less and less familiar are the fossils which 
we find. Those a mere million years old are of animals much like living 
forms. Those several million years old are more different, and those still 
older belong to orders, and even to whole classes, of animals which no 
longer exist. In other words, the fossil record furnishes direct evidence 
that animals were not always as they are today, and that modern forms, 
which do not occur as fossils, must be descended, by a process of gradual 
modification which we call organic evolution^ from the earlier and simpler 
animals whose remains we find in the rocks. In some cases the record is 
so complete that we are able to trace the gradual evolution, from one 
layer of rock to the next, of a definite structure or set of structures, all 
intermediate stages from the most primitive type to the modern living 
form being present. 

Strangely enough, the science of ancient life, or paleontology, has been 
developed not by biologists, who have been busy enough studying living 
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animals, but by geologists, who have demonstrated that the rocks of the 
various periods in geologic time are characterized by a distinctive as- 
semblage of animal and plant fossils. Certain of these fossils, which are 
world-wide in distribution, distinctive, and restricted to limited periods 
in geologic time, serve as markers or index fossils by which rocks of any 
period can be recognized no matter where they occur. 

/^""iEOLOGICAL time has been divided into six eras, the end of each 
Vjf marking the time of some significant geological change, such as 
continental uplift and mountain-building. Shorter and less profound 
changes in the face of the earth form a basis for dividing each of the eras 
into a number of periods. 

The first, or Azoic (‘"no life”), era marks the origin of the earth from the 
sun and the formation of rocks; no life was present. This period lasted 
over 1,000,000,000 years (a time estimate based on several lines of evi- 
dence, mostly on the rate of disintegration of radioactive substances). In 
the second, or Archeozoic (“primitive life”) era, there was extensive vol- 
canic activity and mountain-building. If life had evolved, the rocks show 
little evidence of it, though they do contain carbonaceous material, prob- 
ably an indication of primitive algae. Perhaps one-celled animals ap- 
peared at this time. Rocks of the Proterozoic (“first life”) era have only 
rarely yielded a recognizable fossil; yet this era must certainly have been 
a time of great evolutionary development, for by the Cambrian period, the 
first period of the Paleozoic (“ancient life”) era, the animal kingdom is 
already highly diversified. Nearly all phyla which leave any kind of a 
fossil record are well represented in Cambrian rocks — many of them by 
several groups, which already show the distinctive characters of modern 
classes. Why pre-Cambrian fossils are so rare is not yet understood, 
though many possible explanations have been suggested. Two of the 
most plausible ones are that animals did not evolve hard, preservable 
parts until the Cambrian and that the pre-Cambrian rocks, being very 
ancient, have been subjected to so many stresses that any fossils which 
they once contained have been destroyed. In any case, the earliest well- 
preserved, abundant fossils are those laid down in the Cambrian period; 
and from that time on they increase steadily with the expansion of the 
various groups. By the Ordovician, the second period of the Paleozoic, 
many invertebrate groups are at their peak of abundance, and vertebrates 
are already on the scene. At the close of the Paleozoic, many of its most 
important invertebrate groups become extinct. The Mesozoic (“middle 
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life”) is an era of waning influence for many marine invertebrate groups, 
though certain large, shelled cephalopods reach their climax during this 
time. At the beginning of the Cenozoic (“recent life”) era there appear 
many of the more modern types of invertebrates. 

TABLE OF GEOMGIC TIME 


Eraa 

(Millions of 
Years Ago*) 

Periods 

(Duration in Mil- 
lions of Years*) 

Principal Evolutionary Events 
among the Invertebrates 

Cf.nozoic 

(80) 

Quaternary 

(8) 

Arthropods and niollu.sk.s most abundant; all other phyla well 
repre.sented 

Tertiary 

(58) 

Modern invertebrate types appear 


Cretaceous 

(70) 

Extinction of anirnonoids 

Mesozoic 

Jurassic 

(38) 

Ainmonoitls abundant: modern type.s of crii.staceans appear 

(200) 

Triassic 

(Si) 

Marine invertebrates decline in numbers and importance. 
lAmulv^ present 


Permian 

(33) 

I.»ast of the trilobites and eurypterids. Extinction of most pa- 
leozoic invertebrate types 


Pennsylvanian 

(45) 

First fossil insects (although insects probably evolved as early 
as the Devonian) 


Mississippian 

(33) 

Climax of crinoids and blastoids 

PALEOZOK' 

Devonian 

(35) 

Brachiopods still flourishing. Marked decline of graptoliles 
and trilobites 


Silurian 

(85) 

Many graptoliles. First extensive coral reefs. Brachiopods at 
mak. Eurypterids abundant. Trilobites begin to decline. 
First land invertebrates 


Ordovician 

(70) 

Peak of invertebrate dominance. Climax of trilobites and 
nautiloid cephalopods. Brachiopods abundant. (First 
vertebrate fossils) 

(650) 

Cambrian 

(105) 

First abundant fossils. Nearly all invertebrate phyla repre- 
sented. Trilobites and brachiopods most numerous 

Proterozoic 

(1,800) 

(650) 

Most of the invertebrate phyla probably evolved, but fossils 
are rare and poorly preserved 

Archeozoic 

(8,000) 

(800) 

No fossil record» but simplest living organisms (one-celled 
plants and animals) probably arose 

AZOIC 

(3,000) 

(1,000) 

No evidence of living organisms. (Formation of the earth) 


* Ba#ed on Croneis aim! Krumbein, Down to Earth, 
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T he major time units, their estimated age and length of duration, 
together with some of the invertebrate groups characteristic of the 
various periods, are summarized in the accompanying table. The rest of 
this chapter is devoted to a brief description of some of the better-known 
fossil groups. 

A MONG the protozoa one would naturally not expect to find fossils of 
flagellates, amebas, or ciliates, but only of the ameboid protozoans 
with hard parts. Although the silicious skeletons of radiolarians are 
known from the Paleozoic to the present, the calcareous shells of the 
forammifers furnish by far the best record of ancient protozoan life. Good 
fossil foraminifers occur in the Cambrian rocks, increase steadily both in 
numbers of species and of individuals, until in the Cretaceous they finally 
become very abundant; and there appear many families which are still 
represented today. From the Tertiary to the present there has been a 
gradual extinction of the earlier types and a replacement by those more 
like the modern foraminifers. This gradual change in type, plus the fact 
that the calcareous shells are abundant, widespread, easily preserved, and 
have distinctive shapes and markings, makes fossil foraminifers extremely 
valuable as index fossils. There are, of course, many different kinds of 
index fossils; but most of them, like trilobites and brachiopods, are large 
and can only be obtained from rocks which are exposed. Because of their 
minute size, foraminiferan shells can be obtained undamaged, from rocks 
very far below the surface, in the borings brought up by a drill. For this 
reason oil companies have found it profitable to employ paleontologists 
who do nothing but study the borings from oil-well drills. By comparing 
the shells found at different levels with those present in layers known to be 
oil-bearing, they are able to direct the well-drilling operations. 

T he fossil record of sponges is not an abundant one, but it stretches 
over a very long time, silicious spicules being known even from the 
pre-Cambrian, and whole specimens from the Cambrian. The fibers of 
horny sponges have practically no chance of being preserved, and the deli- 
cate spicules of calcareous sponges are usually dissolved under the local 
acid conditions created by the decay of a dead sponge. Silicious spicules 
are more readily preserved but may later be dissolved away by ground 
water percolating through the rocks, and in such cases the cavities left may 
be filled with calcareous or other materials. Consequently, the composi- 
tion of a sponge fossil does not necessarily indicate the original composi- 
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tion of the living sponges and identification must he based on the general 
structure and on the shape of the spicules. 

F OSwSILS of coelenterates are known from the pre-Cambrian to the 
present. Although pre-Cambrian fossils of any kind are extremely 
rare, and after many years of search no other well-authenticated fossil has 
ever }>een found in the pre-Cambrian rocks exposed in the Grand Canyon, 
those rocks have yielded a well -preserved imprint of one of the most 
fragile of animals, a jellyfish. Finds like this one serve to emphasize the 
fortuitous nature of any fossil record. 

The Hydrozoa are represented in the lower Cambrian layers; and in 
the ux)per Cambrian rocks we find the beginnings of the Graptozoa, an 
interesting group of colonial animals, all extinct, that have been claimed 
for both the sponges and bryozoans but are usually placed among the 
coelenterates. Graptolites are most often found as thin carbonaceous 
films which look like saw blades with one or both edges toothed. A blade 
is the remains of a horny colonial skeleton, and each notch in the toothed 
edge rej^resents a small cup which formerly housed a single member of the 
colony. From the blade there comes off a long thread by which, it is 
thought, the colony was attached to floating seaweed. Some graptolites 
are found in large groups radiating from some central body, which may 
have been a gas-filled float. If so, they were independent floating colonies 
comparable with our modern siphonophores. The types just described 
flourished in the Ordovician and Silurian and died out before the be- 
ginning of the Devonian — possibly because of something related to the 
rise of the fishes. The more primitive branching graptolites, most of which 
are thought to have lived attached to the bottom, appeared in the Cam- 
brian and had a few representatives which managed to survive through- 
out the Devonian. This situation is what we find in most groups; the 
primitive forms not only precede the more specialized and "‘progressive’^ 
ones, but, being less dependent upon special conditions, usually also out- 
last them. 

Fossil Scy phozoa are known from the lower Cambrian, but they are rare 
and the authenticity of some is questioned. They consist of what appear 
to be molds of the upper and lower surfaces and mud fillings of the pouches 
which comprise the large central part of the gastrovascular cavity. 

The Anthozoa, as one might predict from their highly developed 
structure, are the latest class to appear in the fossil record. The sea 
anemones, lacking hard parts, have left no recognizable traces. But the 
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forms which secrete skeletons, particularly those made of limestone, pro- 
vide an abundant and informative record of the past activities of their 
delicate and perishable polyps. Two classes of extinct corals are known. 
One of these, the Tetracoralla (named for the fact that the stony partitions 
are in multiples of four), occurs as solitary cup corals or as dome-shai>ed or 
branching colonies. The skeletons appear in the Ordovician, attain their 
maximum in the Silurian, when certain ones contribute abundantly to 
the fossil reefs, and disappear by the end of the Palaeozoic. The Hexa- 
corolla, to which modern anemones and stony corals belong, are not repre- 
sented until after the beginning of the Mesozoic. Their sudden, though 
late, appearance is accounted for by assuming that they are descended 
directly from the exclusively Paleozoic Tetracoralla. The stony corals 
were important contributors to the Mesozoic and Cenozoic reefs and are 
the dominant reef-builders of modern seas. The Octocoralla, or alcyonari- 
ans, anthozoans with eight tentacles and eight internal partitions, are 
represented from the Ordovician on. 

T he wormlike invertebrates have left a very poor fossil record. They 
may be discussed together because part of the record consists of trails, 
tracks, tubes, and burrows; and it is impossible to say which of the various 
groups is responsible for certain of them. The flatworms have left no 
recognizable remains. Fossil nemerteans are unknown; but, since the liv- 
ing forms do burrow, it is possible that some of the fossil trails and bur- 
rows were made by members of this group. Fossil parasitic roundworms 
are reported to have been found in fossil insects. 

O F THE annelids, only the polychetes have left a record of much 
importance. From the pre-Cambrian we have tracks and burrows, 
many of which must have been left by this group. From the mid- 
Cambrian we have well-preserved fossils with segmental bundles of bris- 
tles and other characteristic features of the class, showing that the ani- 
mals must have had a long pre-Cambrian development. The free- 
swimming polychetes, modem representatives of which have a protrusible 
pharynx armed with hard jaws, are thought to be the source of the 
numerous small toothed jaws found in practically all rocks from the 
Paleozoic on. Beginning with the Ordovician, we find evidence of tube- 
dwelling polychetes in the form of tubes which are calcareous or are made 
of sand grains or other particles cemented together by a secretion. Some 
of them are found attached to brachiopod shells, often in clusters. 
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T he Bryozoa appear first in the Ordovician, and apparently have been 
quite abundant from that time to the present, for over 1,500 species 
are known from the Paleozoic, 1,000 from the Mesozoic, and there are 
additional thousands of Cenozoic and modern species. While whole 
colonies are sizable (a number of fragments of the skeletons of branching 
colonies appear in the drawing which heads this chapter, and in the draw- 
ing look like pieces of broken twigs), the individual cases are microscopic 
and therefore have many of the same advantages for the paleontologist 
as foraminiferan shells. Two whole classes of Paleozoic bryozoans became 
extinct at the end of that era. One class, already represented in the Ordo- 
vician, and which has never been very abundant, still has living rep- 
resentatives. The class to which most modern bryozoans belong did not 
appear until the Jurassic. 

W E ARE accustomed to think of the brachiopods as a small and 
unimportant phylum, which in this book has been described as 
one of the ‘‘lesser lights.” But if we were to view the animal kingdom in 
terms of the past as well as the present, we would have to reserve a more 
prominent place for the group that has left one of the most abundant, 
most complete, and most beautifully preserved of all fossil records. Not 
only do brachiopods have hard shells which lend themselves readily to 
preservation, but the animals live in shallow seas where the chance of 
fossilization is great. Consequently, their remains are often so abundant 
as to form most of the rock in which they occur. The group left its earliest 
record in the Cambrian; and before the end of that period, four of the 
five orders were already established, with the dominant position occupied 
by the relatively primitive order still represented by Lingula. Brachio- 
pods with hinged valves were present in the Cambrian but did not become 
of major importance until the beginning of the Ordovician. Something 
of the early abundance and later decline of the brachiopods can be judged 
from the numbers of fossil genera recorded for the several eras. We know 
about 450 genera from the Paleozoic, about 180 from the Mesozoic, and 
only about 75 from the Cenozoic to the present. Although 3,000 species 
are recorded from the Ordovician and Silurian periods, which represent the 
peak of brachiopod abundance, only a little over 200 species are living 
today. 

B eing shelled animals and second only to the arthropods in numbers 
of species, the mollusks have left an abundant, unbroken, and 
extremely legible record from the Cambrian to the present. The am phi- 
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neurans are certainly the most primitive of modern mollusks, but they do 
not appear as fossils until the Ordovician. And from that time to the 
present they have left only about 100 fossil species, so that there is 
nothing in their record to make us think that they were ever of much im- 
portance. The scaphopodsy too, do not get well started until the Ordo- 
vician and have never amounted to much. The three major classes— 
gastropods, pelecypods, and cephalopods — all appear in the Cambrian. 
The first two groups increase steadily from that time to the present; and 
the gastropods are probably very close to their peak of development now, 
comprising 49,000 of the 70,000 species of living mollusks. The cephalo- 
pods, though represented by only 400 living species, were once far more 
important than the gastropods; and they have left 10,000 fossil species 
to attest to their past glory. The dominant cephalopods of modern seas 
are squids and octopuses, which are probably more numerous at the 
present than they ever were. But it is the cephalopods with external 
shells, now represented by only 3 species of Nautilus, that made cephalo- 
pod history. The shells of the early nautiloids were straight cones in- 
ternally divided into a series of chambers, as in the modem nautilus. In 
the Ordovician these shells were over 15 feet long, a length never again 
reached by any shelled invertebrate. Later the shells became slightly 
curved, then finally coiled. The nautiloids rose to a peak in the late 
Ordovician and Silurian and then declined; but they gave rise, it is be- 
lieved, to another great group of coiled cephalopods, the ammonoids, 
which also went through an evolution from straight to coiled shells. The 
ammonoids became the dominant animals of Mesozoic seas and then died 
out in the Cretaceous. Some of the cretaceous ammonoids reverted to an 
uncoiled condition, so that the evolution of this group parallels that of 
gastropods (see p. 187). The advantage of coiling is probably the same in 
the two groups; it converts a long, unwieldly, straight cone into a com- 
pact, manageable coil. 

E ven the most advanced of invertebrates, the arthropods, must have 
had a long pre-Cambrian history, for at the beginning of the 
Cambrian we find three classes of arthropods already well started. 

The most numerous of these are the trilobitos, which constitute over 
half of all Cambrian fossils. Aside from the undoubted success of these 
early arthropods, the abundance of their fossil remains is probably due in 
part to the fact that they molted frequently and discarded numerous 
exoskeletons which were capable of fossilization. The name trilobite 
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means “three-lobed’’ and refers to the fact that the dorsal surface of the 
body is divided, by two longitudinal furrows, into three lobes. The body 
is also divided transversely into three regions: a head; a middle flexible 
portion, the thorax; and a posterior region, the abdomen, which consists 
of a number of fused segments and in some trilobites is prolonged into a 
spine. The head bears a pair of compound eyes, a pair of antennas, and 
four pairs of similar, jointed, two-branched appendages. The outer 
V)ranch, which is flattened and has a row of bristles along its posterior 
edge, is thought to have served for respiration and swimming. The inner 
branch was probably used for walking. Similar appendages occur on all 
segments of the body, and they all have inwardly directed projections 
from the basal part of the limb. On the head appendages these projec^tions 
are modified for chewing food, as in modern king crabs and arachnids. 
Most trilobites are from 1 to 3 inches long, but some forms reached a 
length of over 2 feet. Their habits can only be inferred; but it is thought 
that they lived in the sea, since their remains are always found with cor- 
als, crinoids, brachiopods, and other exclusively marine animals. Most 
trilobites probably inhabited shallow waters and were bottom-crawling 
types, either feeding on the various seaweeds, sponges, coelenterates, 
brachiopods, and mollusks which are known to have lived in the same 
places, or perhaps scavenging organic debris by ploughing through the 
mud. The trilobites were the dominant invertebrates of the Cambrian, 
and they continued to flourish during the Ordovician, but then declined. 
They were rare after the Devonian, and the last few survivors finally died 
out in the Permian. It is perhaps no mere coincidence that their decline 
followed the rise of the giant Ordovician cephalopods and the hordes of 
Devonian fishes, both of which could have fed on trilobites. 

The trilobites probably gave rise to no other group of arthropods, but 
they seem most closely related to crustaceans. The branchiopods, an- 
cestors of the more primitive modern crustaceans like the fairy shrimps 
and cladocerans, are well represented in lower Cambrian rocks. But the 
large crustaceans, such as lobsters and crabs, do not appear until the mid- 
dle of the Mesozoic. 

The aquatic arachnid-like arthropods appeared in the Cambrian; but 
their only living representative is LimuluSy the king crab, which has 
changed little since its appearance in the Triassic, about 200,000,000 
years ago. The most interesting of these extinct arachnid-like animals are 
the eurypterids, some of which attained a length of 10 feet, the largest 
size known for any arthropod. It is not certain whether they were marine 
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or inhabited fresh-water streams, from where they were washed out to 
sea and buried in marine sediments. They probably lived mostly on the 
bottom, but their two large paddle-like appendages suggest that they 
could swim. Eurypterids are known from the Cambrian, flourished in 
the Silurian and Devonian, but, like the trilobites, became extinct at the 
end of the Paleozoic. 

The first land animals may well have been certain primitive air- 
breathing arachnids (Palaeophonus and Proscorpius from the Silurian), 
which resemble eurypterids in certain respects. The transition from book 
gills, like those of a limulus, to book lungs, like those of a scorpion, re- 
quires very few changes. 

The fossil record of land arthropods, like that of other land animals, 
is a scanty one and does not necessarily give a true picture of either the 
numbers of species or the time of the earliest appearance of the different 
groups. Although about half a million species of living insects have been 
described, only a few thousand fossil insect species have been found. 
Most of these are from a few special regions where fossilization took 
place tinder very unusual conditions. The insect-containing amber of the 
Baltic region of Europe has already been mentioned; one of the best 
American localities for collecting insect fossils is at Florissant, Colorado, 
where falling volcanic ash from an ancient eruption carried land insects 
down into a lake and buried them in the mud at the bottom. In spite of 
their slim chances of fossilization, millipsdes are known from the De- 
vonian and centipedes and insects from the Pennsylvanian. All of the 
early insects are now extinct, and only in a few cases can modern insects 
be assigned to an order which was already represented in the Paleozoic. 

S INCE most echinoderms have skeletons made of calcareous plates 
• and live in shallow marine waters, the group has left one of the most 
informative of fossil records. The earliest echinoderms were, typically, 
sessile types which lived attached to the bottom, either directly or by a 
stem. The oldest and least specialized ones were the cystoids, which had 
an ovoid or globular shell composed of tightly fitting plates. On the sur- 
face of the shell were ciliated grooves (usually five) for food-collecting, 
and these extended onto the arms which were attached at the upper end 
of the shell. From the cystoids, which appear in the Cambrian and be- 
come abundant in the Silurian, are thought to have come the other two 
classes of stalked echinoderms, the biastoids and crinoids. Not ail stalked 
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forms lived attached to the bottom; but the stalked, sessile types were the 
dominant echinoderms of Paleozoic times. The cystoids and blastoids 
became extinct by the end of the Paleozoic, and only the crinoids (sea 
lilies) have survived to the present. The earliest crinoids were all at- 
tached, with stems usually from 1 to 3 feet long, or over 70 feet long in at 
least one case. Fossil crinoids were known long before any living forms 
had been seen; and the class was believed to be extinct until, only a little 
over 60 years ago, a dredge brought up some living specimens. Although 
90 per cent of modem forms are stemless and free-swimming, in all cases 
where the development has been studied there is an early stalked stage. 

During the Paleozoic the free-living echinoderms — starfishes, ser- 
pent stars, sea urchins, and sea cucumbers — were inferior to the stalked 
types both in numbers of individuals and in species. But in the early 
Mesozoic they expanded rapidly and have maintained their superiority 
ever since. 

T O THE g(^ologist the fossil record serves not only as a means of dt?- 
termining the time of deposition of rocks in widely separated parts 
of the world but also as a key to the study of ancient geography and 
climate. Fossil corals, echinoderms, brachiopods, and cephalopods always 
indicate the former presence of salt water. The occurrence of fossil coral 
reefs in Chicago is clear evidence that this region was once covered by a 
sea and that the climate at one time must have been much warmer than 
it is now. To biologists the fossil record furnishes abundant and direct 
evidence of the evolution of modem animals from simpler types which 
have preceded them. By examining one layer of rock after another, we 
can follow the early appearance of a group as a few simple, adaptable 
forms, which gradually increase in number, specialize, and radiate out 
into a variety of habitats, then finally degenerate into bizarre, over- 
specialized forms which, with the first radical change in the environment, 
die out altogether. Such is the evolutionary history, clearly recorded in 
the rocks, of the trilobites and ammonoids — animals which dominated 
the seas for millions of years, yet have left not a single descendant. There 
is no reason to doubt that many of the invertebrate groups flourishing 
at the present time are heading for the same fate. 



CHAPTER 28 



INVERTEBRATE RELATIONSHIPS 

E veryone enjoys the unraveling of a good mystery, but no one 
would like to read on from clue to clue, until the earliest and most 
important events seemed about to be disclosed, only to find that 
the rest of the pages in the book were missing. Just this kind of exasper- 
ating situation confronts us when we try to relate animals to one another 
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in an orderly scheme. Anyone can see that honeybees are much like bum- 
ble bees, that bees resemble flies more than they do spiders, and that 
spiders are more like lobsters than like clams. But when we attempt to 
relate the phyla, which, by definition, are groups of animals with funda- 
mentally different body plans, there is little we can say with certainty. 
Arthropods are clearly allied to annelids, but how they are related to such 
utterly different animals as starfishes or vertebrates is quite obscure. The 
fossil record, which in many cases provides us with a whole series of 
gradually changing specimens from which we can work out the evolution 
of one small group from another, is of practically no use in relating the 
phyla to each other. For, as we dig deeper and deeper into the rocks, ex- 
jiecting to find a level at which the most recently evolved phyla no longer 
appear, we find instead that the fossil record is obliterated. The oldest 
rocks have stood the longest time and have been subjected to the greatest 
number of stresses, including those caused by the weight of the rocks 
above them; any fossils which they once contained have been changed 
beyond recognition. In the rocks of the earliest period for which we have 
good fossils (the Cambrian period), all of the important invertebrate phyla 
are already represented. So that, while the fossil record tells us a great 
deal about what the early representatives of the phyla were like, it has 
nothing to say about the order in which the phyla arose. Desp)ite this, the 
situation is by no means hopeless. Good detectives have been knowm to 
reconstruct, in detail, the events leading up to a crime to which there were 
no witnesses. And biologists have been able to find some definite clues to 
events that happened considerably more than 500,000,000 years ago! 

The most important kind of evidence is that based on a comparative 
study of the structure and development of the various groups. The use of 
such evidence is based on the assumption that the more closely the body 
plans of two phyla resemble each other, the closer their relationship and 
the more recent their common ancestor. This is the 'principle of homology, 
discussed in chapter 22. Sometimes the adult structure of two groups is so 
highly modified in adaptation to their different ways of life that the groups 
show very little similarity and yet the early embryonic stages are almost 
identical. Here, also, we must assume a relationship, though a somewhat 
more remote one, for the early stages of development tend to be more 
conservative than the later ones, and a study of the embryology of ani- 
mals often reveals basic similarities which otherwise would not have been 
susp>ected. 

Related evidence is that based upon the principle of recapitulation, 
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which states that ‘‘ontogeny tends to recapitulate phylogeny.” Trans- 
lating this into everyday English it reads: “Every animal, in its indi- 
vidual development from egg to adult, passes through a series of stages 
which correspond to stages in the long evolutionary history of its group/’ 
This does not mean that the embryo of a man at any time resembles an 
adult fish or an adult reptile, but that it goes through stages which cor- 
respond to those undergone by the embryos of fishes and reptiles. The 
reason for this, apparently, is that the early developmental stages of an 
animal, in which the basic body structure is laid down, are less subject to 
modification than are the later stages in which the more superficial struc- 
tures appear. Thus, tlie animals of a single phylum tend to look alike in 
their e^arly embryonic stages and become gradually differentiated only 
later, as the structures peculiar to the different classes, and finally of the 
orders and still smaller categories, are produced. Moreover, even animals 
of different phyla appear po much alike in their very early development 
that they cannot be distinguished. 

For example, a lobster starts out as a fertilized egg, a single cell which 
looks like the egg of any other invertebrate and is spherically symmetrical, 
showing no more differentiation than the simplest protozoan. The egg 
divides repeatedly, resulting in a blastula, a hollow ball composed of a 
single layer of cells. We can find its counterpart among adult animals in 
the colonial protozoans like the volvox, a colony of flagellated cells ar- 
ranged in a single layer on the surface of a hollow ball of jellylike material 
(p. 40). The lobster blastula, by a proliferation of cells into the interior, 
soon becomes converted into a two-layered gastrula, much like that of 
any other animal. Since the gastrula has a depression at one end, which 
makes it radially symmetrical, and since it has two layers of cells, we may 
compare it with the coelenterate stage in evolution, though, of course, it 
has none of the specialized features of adult coelenterates. With the de- 
velopment of the mesoderm, and a differentiation of anterior and poste- 
rior ends, besides dorsal and ventral surfaces, the bilateral embryo has 
achieved the structural level of a flatworm. Next, segments appear, and 
pairs of similar appendages grow out, as in annelids. The appendages 
become two-branched; but since they are mostly alike, the embryo re- 
minds us of a primitive crustacean. With the differentiation and special- 
ization of the appendages we finally recognize the developing animal to be 
a lobster. Thus, the development of a single individual is a condensed and 
modified recapitulation of what we believe was the evolutionary history 
of its phylum. In the same way we can hope to learn, from a study of the 
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development of a planaria or a nereis, something of the evolutionary his- 
tory of flatworms and annelids. 

However, it should be pointed out at once that the principle of re- 
capitulation has very definite limitations. In the first place, no develop- 
ment occupying a few days or weeks could possibly go through every stage 
in an evolutionary history stretching over at least a billion years. In the 
second place, not only adults but also embryos undergo evolution in 
adaptation to their environment. The mosquito larva, which lives in the 
water and feeds on debris, is a young stage modified for a specialized way 
of life that was never followed by any ancestor of the mosquito. Mosqui- 
toes are descended from land insects, and the adults have had no connec- 
tion with aquatic life since their primitive arthropod ancestors left the 
water. Moreover, many embryos develop special membranes and other 
structures which serve to protect or to nourish the young stages and have 
no counterpart in any adult animal. It has also been pointed out that in 
the purely mechanical matter of changing from a single-celled zygote into 
a multicellular, many-layered animal of complex structure all embryos 
must go through stages which are similar but do not necessarily indicate 
common descent for all the forms which exhibit them. Thus, in order to 
get a three-layered animal from a single cell, the cell has to form a one- 
layered organism, then a two-layered one, and finally a three-layered one; 
there is no other easy way to achieve such a result. And in the develop- 
ment from a spherical egg with all axes alike to a bilateral adult with three 
differentiated ones, there would have to be some intermediate radial stage 
with only one differentiated axis, even if the group had never had an 
ancestor which was radially symmetrical in the adult stage. Such argu- 
ments warn us that we must be cautious in assigning evolutionary sig- 
nificance to every step in embryonic development. Still, the principle of 
recapitulation, when correctly interpreted, has explained the appearance 
and subsequent disappearance in the embryo of many seemingly useless 
structures, such as the tail or gill pouches of man. And it has contributed 
greatly to our understanding of the relationships of animals to each other. 

I ACKING the more convincing evidence of a fossil record, and basing 
^ our ideas on the principles of homology and recapitulation, we are 
able to construct animal trees or other schemes which attempt to show 
the order of evolution and the relationships between the phyla. Consider- 
ing the remoteness of the events with which we are dealing, and the incon- 
clusive nature of much of the evidence, it is clear that any ‘‘invertebrate 
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tree” must be considered highly speculative. The “tree” presented at the 
beginning of this chapter is only one version; it will have to be changed 
in the future if now evidence turns up. At the same time, it ties to- 
gether a great body of facts which would otherwise have less nu^aning, 
and serves as a framework on which to hang what aj^pears to be a fairly 
plausible account of the evolution of the main phyla of invertebrates. 

It is highly probable that the capacity for photosynthesis was a char- 
acteristic of the ancestors of primitive organisms. From a hypothetical 
ancestral type of “plant-animal,” the exact nature of which is unknown, 
came at least two main lines of descent, the animal kingdom and the plant 
kingdom (except the simplest plants, such as the bacteria, as was dis- 
cussed in chap. 1). I'he reason for this belief, as explained at the beginning 
of this book, is the similarity between primitive plants and primitive 
animals. By a loss of chlorophyll (perhaps at several different times for 
different protozoan groups) and the development of a variety of locomo- 
tory and food-catching mechanisms, the animal kingdom arose. The 
most primitive animals are single cells, but we must remember that the 
modern protozoa have had a long evolutionary history and have undergone 
many changes before arriving at the condition in which we find them today. 

The exact manner in w^hich multicellularity arose cannot now be de- 
termined. But it is easy to understand how it could have evolved through 
the failure of individual cells to separate completely after division. Su(‘h 
colonies of attached but relatively independent cells are known to occur 
among the protozoa (see colonial collar flagellates on p. 48). In the volvox 
colony, already mentioned, there is a certain amount of co-operation in 
locomotion and in reproduction, but not enough to elevate the colony to 
the ranks of multicellular organisms. The volvox colony is highly spe- 
cialized and must not be thought of as ancc^stral in any sense, but it gives 
us some idea of what one type of primitive multicellular organism might 
have been like. 

In the sponges, the least integrated of the truly many-celled animals, 
the cells show considerable division of labor but tissues are poorly de- 
veloped, and the animals cannot be said to have gone much beyond a 
cellular level of organization. The porous construction, peculiar method 
of feeding, and the lack of a definite mouth and digestive cavity are among 
the reasons for thinking that sponges have no direct relationship to other 
animals. Perhaps they evolved from primitive collared flagellates, whose 
modern representatives are the only animals besides sponges which have 
collar cedis. 
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Since sponges are not on the main line of evolutionary advance, the 
stage beyond the first multicellular organisms which led to the higher 
})hyla can only be imagined. By the passage of some of the cells from the 
surface into the interior, a two-iayered animal was formed. This hypo- 
thetical two-layered ancestor probably evolved from a different group of 
j)rotozoa than that which gave rise to sponges. Constructed on the tissue 
level of organization, with an outer ciliated ectoderm specialized for loco- 
motion, protection, and sensation, and an inner endoderm specialized for 
digestion, it was master of the ancient seas as it swam about, feeding on 
protozoans and unicellular plants. Just what it looked like we do not 



Origin of the mesoderm in arthropod and chordate lines. LrfU tlie embryo of a mollusk sliowing 
the prinulive mesoderm cells budded off from the primitive eiifloderm. Right, an echinoderm larva 
showing the mesoderm being budded off us i)ouches from the sides of the primitive endoderm. 

know, but it probably resembled the radially symmetrical, ciliated, two- 
layered, free-swimming larva of the obelia and most other marine coelcU’- 
terates. The wide occurrence of such a larva in the embryology of coelen- 
terates indicates that this phylum probably arose from a simple two- 
layered ancestor by the outgrowth of tentacles around the mouth. 

The next stage in evolutionary advance seems to have been the forma- 
tion of the mesoderm, a tissue between the ectoderm and endoderm, from 
which more definite organs and organ-systems could be made, resulting in 
greater size and complexity of construction. Mesoderm develops in ani- 
mals by one of two main ways. In the flatworms, nemerteans, mollusks, 
annelids, and arthropods it usually originates from two special cells, 
known as ‘‘primitive mesoderm cells,’’ set aside in the early gastrula. In 
the Echinodermata, the phylum to which the starfish belongs, and in the 
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Chordata, the phylum to which man belongs, the mesoderm comes from 
outpocketings of the primitive endoderm. Because of this difference in 
mesoderm formation, among other reasons, we recognize two great lines of 
evolution known as the arthropod and the chordate lines, and indicated on 
the animal tree by a main branching. 

Following the arthropod line of evolution, we see the jlatworms ex- 
hibiting the beginning of the importance of the mesoderm. Here the first 
organ systems are differentiated, and accompanying this increased com- 
plexity is bilateral symmetry. It is not known just how the radial gas- 
trula-like ancestor became bilateral, but specialization of one end and a 
bottom-feeding crawling habit were probably stages in the process. 

We come next to the nemerieans. From many details of adult structure 
and early development, nemerteans can be regarded as closely related to 
flatworms, but they show two distinct advances: the development of a 
digestive tract with two openings, and the beginning of a circulatory 
system. Much more advanced are the mollusks (snails, slugs, clams, 
oysters, squids, octopuses, etc.), which have further specialized and per- 
fected the systems pioneered by nemerteans. Mollusks are not segmented, 
and therefore must have diverged from the main line of evolution before 
segmentation arose. Thus, on the animal tree they are shown to branch 
off at a point below that from which annelids diverge. In spite of the great 
lack of structural similarity, mollusks are closely related to annelids — 
one of the few relationships between any two invertebrate phyla for which 
we have indisputable evidence. The early embryos of annelids and mol- 
lusks are almost identical, cell for cell. The mesoderm arises from a cor- 
responding cell in both groups; and their free-swimming larvas, the 
trochophores, are very much alike (chap. 19). A trochophore-like larva, 
with a ciliated band around the equator, is characteristic not only of 
annelids and mollusks but also of a number of minor phyla (discussed in 
chap. 16) not shown on the “tree."’ And the larvas of flatworms and 
nemerteans are certainly much like the trochophore. Thus, the trocho- 
phore type of larva serves to link together a whole series of phyla. 

The arthropods have no trochophore, and they show few similarities to 
annelids in the early stages of development; but their adult structure is 
similar in so many respects that there can be no doubt that the two groups 
had a common segmented ancestor with a pair of appendages to each 
segment and a nervous system which encircled the anterior end of the 
digestive tract and passed backward along the ventral surface as a double 
cord with segmental ganglia. 

The chordate line includes only two main phyla: the echinoderms and 
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chordates. This means that the invertebrate phylum most closely related 
to man and the vertebrates is one which includes such animals as the 
starfishes. The reasoning by which we arrive at this rather surprising 
conclusion is based mainly on a comparison of the developing embryos of 
certain members of the two groups. In the first place, as already men- 
tioned, the mesoderm of echinoderms and chordates arises in the same 
way. Also, the coelom is formed in both groups from the hollow meso- 
dermal pouches, whereas in the arthropod line it arises by splits in the 
bands of mesoderm budded off from the primitive mesoderm cells. In 
either case the end result is the same, and by inspecting the adult ani- 
mals it cannot be told that their coeloms arise in different ways. Finally, 
the free-swimming larva of echinoderms is quite different from the trocho- 
phore larva characteristic of annelids, rnollusks, and some of the other 
phyla of the arthropod line. The bilateral echinoderm larva is more flat- 
tened than the trochophore and has longitudinal, looped ciliated bands 
for locomotion. Since this same type of larva occurs in all classes of echino- 
derms, it is believed to resemble a hypothetical ancestral type (dipleurula) 
from which all modern echinoderms have been derived. 

The phylum Chordata consists mainly of vertebrates but includes three 
groups of invertebrates: acorn worms, tunicates, and the amphioxus. 
These groups have no backbone but are classed with the vertebrates be- 
cause, as described in chapter 26 , they possess, at some time in their life- 
history, a stiffening rod (the notochord), pharyngeal gill pouches or slits, 
and a dorsal tubular nerve cord. Now, it must be clearly understood that 
echinoderms have none of these structures; their affinity with chordates is 
based on similarities in the development of the mesoderm and coelom 
mentioned before, and on the slender clue afforded by a striking resem- 
blance between the (dipleurula) type of larva found in echinoderms and 
the larva of the acorn worm. As was pointed out in the discussion of 
recapitulation, larval resemblances may be misleading, because larvas 
themselves undergo evolution in adaptation to their environment. Since 
the larvas of echinoderms and acorn worms both live in the surface waters 
of the ocean, feeding on microscopic organisms, their similarities may be 
independent responses to the same conditions of life. On the other hand, 
the larvas of flatworms, nemerteans, rnollusks, and annelids have for over 
half a billion years lived in the same places and fed in the same way; yet 
all conform to the trochophore type. This leads us to believe that the 
differences between these two larval types have real evolutionary sig- 
nificance and are the result of a divergence of two main stocks from some 
two-layered ancestor in the remote past. 
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Since the echinoderms are not clearly segmented, the segmentation of 
chordates must have arisen after the two groups which finally gave rise to 
the modern echinoderms and chordates had already separated. The seg- 
mentation of chordates results from the budding of a series of mesodermal 
pouches from the primitive endoderm. In annelids and arthropods it 
forms by a crosswise breaking-up of continuous bands of mesoderm. For 
this reason, and the fact that the chordate and arthropod lines are thought 
to have separated from each other long before segmentation arose, the 
segmentation of the chordates and of the annelids and arthropods is not 
considered homologous but must have evolved independently in the two 
groups. 
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Larva of an echinoderm. (After Bury) Larva of an acorn worm. (After Morgan) 

In the earliest schematizations of animal evolution, the animals were 
usually pictured as ascending, on a vertical ladder, directly “from ameba 
to man,’’ with the other animals placed on intermediate rungs according 
to their order of increasing complexity. Now it is realized that animals do 
not form a continuous series and that their relationships to each other are 
more correctly represented by a branching “tree.” The ancestral groups, 
long extinct, are placed on the main stems. Extinct forms, now represent- 
ed only by fossils, are placed on dead side branches (not shown in the 
“tree” given here). On the ends of the living side branches are placed the 
modem forms. A “tree” not only fiits the facts more closely than a ladder, 
but its many separate branches, representing independent lines of spe- 
cialization, help to suggest why we find such endless variety among the 
animals without backbones. 
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A 

Abalone, 20i)-k 
Abdomen 

of arachnids, 201) 
of arthropods, 248 
of grasshopper, 280 
of insects, 298 
of lobster, 256, 260 
Acanthocephala, 166 
Acanthocotylc, 136 
Acorn worm, 318 
in evolution, 341 
Actinophrys sol, 51 
Adaptive behavior of ameba, 21 
Adaptive radiation, 277 
Adhesive 

capsules of hydra, 74 
cells of comb jelly, 106 
Aedrs aegypH, ^9^-3^ 

African sleeping sickness, 44 
victim, 5S-2 
Aglaophenia, t02- t 
Air capillaries, 282 
Air sacs of grasshopper, 282 

Air tubes 
of arthropods, if) I 
of grasshopper, 281, 282 
of insects, 288, 392-6 
of peripatus, 237 
of spider, 27 1 
Alcyonarians, 101, 102-12 
fossil, 328 
Algae, 3 

Alternation of generations (inciagenesis), 88 
Amber 

of Baltic region, 322 
insects in, 382-6 
Ambulacral groove, 301 
Ameba, 12-21, 80-1 
assimilation, 16 
behavior, 15, 20 
as cause of dysentery. 48, 5<S'-5 
cell membrane, 12 , 80-1 
clear outer layer. 14, 80-1 
contractile vacuole, 17, 18 
cut in two, 12 
cyst, 20 
cytoplasm, 14 


digestion, 16 
elimination, 16 
enzymes, 16 
excretion, 17 
granular interior, 14 
habitat, 47 
ingestion, 15, 16 
locomotion, 14, 15, 80 1 
mechanical models, 20 
nucleus, 12 
pseudopod, 14 
reproduction, 19 
respiration, 16 
Amebic dysentery, 47, 5<S’-5 
Ameboid cells 
of comb jelly, 106 
of earthworm, 226 
of jellyfish, 102-7 
of nereis, 21 1 
of planaria, 114 
of sponge, 62 
of starfish, 304 

Ameboid form of malarial jyarasite, 52, 53 
Ameboid movement, 14 
Ameboid protozoa, 47 
Ammonite, 882-If 
Ammonoid, 325, 330, 882 } 

Amphineura, 185; see also Chiton 
fossil, 330 
Amphioxus, 312 
Amphipod, 271^-1 
Ampulla 

of sea urchin, 310 
of starfish, 300 

Anal pore of paramecium, 24, 80-2 
Analogy, 243 
Ancestral protozoa, 334 
Ancestral two-layered animal, 334 
Anemone; see Sea anemone 
Animal, distinguished from plant, 1 
Animal geography, 276 
Animal-like flagellates, 38, 43 
Animal tree, 334, 337 

Annelid, 207-34; sec also Earthworm, Nereis 
body plan. 208 
fossil, 328 

Annelida, 208; see also Aimelid 
Anopheles, 53, 292-26 
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Anoplura, 

Ant, ^92-23 
as food of man, 202-28 
fossil, 832-6 
Ant lion, 294, 292-12 
Antenna 

of arthropod, 245, 250 
of Cecropia moth, 292-5 
of centip)ede, 273 
of crayfish, 27J^~7 
of dragonfly, 292-5 
of grasshopper, 27H 

learning experiments with cockroaches, 289 
of lobster 
first, 258 
second, 258 

variation in insects, 289 
Antenna-cleaner, 292 
Antenna comb, 292 

Antennule; see Antenna of lobster, first 

Anterior end, 122 
of planaria, 109, 112 

Anthozoa, 98-102, 102-8 to 17 
fossil, 327 

Anus, 152 
of amphioxus, 313 
of bryozoan, 174, 175 
of chiton, 182 
of clam, 194 

development of, in starfish larva, 307 

of earthworm, 223 

of gastropod, 186 

of grasshopper, 281 

of nemertean, 152 

of nereis, 210, 213 

of roundworm, 158, 159 

of starfish, 303 

Aorta 

of amphioxus, 315 
of grasshopper, 283 

Aphid. 292-16 • 

as “cow” of ant, 292-23 

Aphis lion, 292-12 
Appendages of lobster, 257-60 

Arachnid. 268, 274~9 to U 
fossil, 331 

Arcella, 49 

Archenteron of starfish, 306 
Archeozoic era, 324, 325 
Archiannelid, 233 
Arenicolat 232 
Aristotle, 4 
Arm 

of squid, 198, 202 
of starfish, SOD 


Armor 

of arthropod, 240 
of dinoflagellates, 42 
Arrow worm, 180 

Arsenic, treatment for African sleeping sickness, 
44 

Arteries of clam, 195 

Arthropoil, 239-98, 27^-1 to 10, 292-1 to 28 
body plan, 240 
fossil, 325, 330 
line of evolution, 340 
number of s{)ecies, 240 
Arthropoda, 239; sec also Arthropod 
classes of 

Arachnida, 268-71, 274 9 to 14 
('hilopoda, 272-73, 274- 10 
(’rustacea, 266-68, 274 -1-9 
Diplopoda, 274, 27 If- 15 
Paleostracha, 271-72, 274 -9 
Ascaris, 157-61 
in liver. 104-2 
.4.vrafT.v lumhricoidcs, 160 
Asexual reproduction; see Reproduction 
Asplaiwhna, 180-1 
Assimilation, 8 
Asto^us, 33 

Astrangia, 100, 102-10 

Asymmetry, 123 
of gastropod, 186 

Atoll, 101 
Atrium 

of amphioxus, 313, 314 
of clam, 19,5 
of gastropod, 187 
of tunicate, 316, 317 

Auditory organ 
of arthropods, 250 
of katydid, 292-5 
Aurelia, 95 
jelly. 102-7 
luminescence, 205 

Auricle 

of heart of clam; see Atrium 
of honeybee leg, 292 
of planaria; see Sensory lobe 

Average animal, 207 
Avicularium, 174, 175 
Avoiding reaction of paramecium, 28 
Azoic era, 324, 325 

B 

Backbone, 313 
Bacteria, 3 
Bailer of lobster, 258 
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Balancing organ; see aho Sense organ 
experiment on shrimp, 265 
of arthropods, 250 
of clam, 197 
of comb jelly, 105 
of lobster, 264 
of squid, 203 

Balantidium coliy 56, 5S-5 
Balanus, 27 jI^-S 
Balanns balanoideSy 35 
Barb of hydra, 76 

Bark beetle 

burrows of, 292-27 
variation within family, 277 
Barnacle, 266, 27Jt-d 
scientihe name of, 35 

Barrier reef, 100, 102-12y Id; nee alsn ( 'oral reef 
Basal tiisk of sea anemone, 98 
Basal piece of arthropod appendage, 257 
Base of hydra, 72 
Bath sponge, 59; see also Sponge 
BfleUouray 134, 135 
Beach flea, 274-1 
Beclie-de-mer, SOH-9 
Bedbug, 292-26 
mouth parts, 291 
Beebread, 293 

Beef tapeworm, 143-46, 150-4 
Bees; see also Bumblebee, Honeybee 
exi>eriments with sense of smell, 290 
experiments on vision, 289 
Beetle, 292-18^ 19 
darkling, 292-2 
dung, 297 
elaterid, 292-3 
firefly, 292-19 
hazelnut weevil, 292-18 
hercules, 292-18 
leaf. 292-1 
rhinoceros, 292-19 
stag, 292-4 

water-scavenger, 292-2 
whirligig, 292-19 
Behavior 

of ameba, 15, 20, 28, 29 
of centipede to drying, touch, 273 
of earthworm in relation to stimuli, 221 
of hydra, 79 
ot paramecium, 28 
of planaria, 119 
of social arthropods, 253 
trial and error, 29 
Beneficial insects, 292-28 
Bilateral symmetry, 122 
evolution, 340 
in starfish, 307 
Biological success, 239 


Bioluminescence, 204 
Bipaliumy 133 
Bipinnaria, 308 
Biramous appendages, 257 
BispirOy 234~2 
Bivalve, 188 

Black-widow spider, 274~12 
Bladder 
of clam, 196 
of lobster, 263 
of tapeworm 
beef. 146, 150-4 
pork, 147 

Bladderworm; sec Bladder, of tapeworm 

Blastocoel of starfish, 306 

Blastohl, 332 

Blastopore, 306 

Blastula 

as stage in evolution, 336 
of hydra, 78 
of sea lu-chin, 308-6 
of starfish, 306 
Blocxi 

of grasshopper, 283 
of ncmertean, 153 

Blood cavity of arthropod, 250; sec also Blood 
sinus 

Blood cells of spiny lobster, 274-0 
Blood fluke, 138, 150-2 
Blood gills of insects, 288 

Blood sinus 
of clam, 195 
of lobster, 262, 263 
of spider, 271 

Blood space of tunicates, 317 ; see also Blood sinus 

Blood vessels; sec also Circulatory system 
of chiton, 183 
of clam, 195 
of nemertean, 152 
of nereis, 212, 13 
of tunicate, 817 

Body cavity; see Coelom 
Body louse, 292-2 

Body plan, 82, 885 
of arthropod, 240 
of comb jelly. 105 
of moUusk, 184 
of sponge, 68 
Body wall 

of arthropod contrasted with annelid, 240, 241 
of nereis, 210 
Borings, fossil, 822 
Botfly larva, 292-26 
Brachiopod, 176-78, 180-4 
fossil. 825, 829, 881. 3S2-2y 3 
Braconid fly, cocoons of, 292-26 
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Bra ill 
of clam, 
of earthworm, 
of grasshopper, ^^84 
of nereis, 214, 215 
of planaria, 118 
of squid, 203 
of tunicate, 3 10 
Brain coral, 102-11 
Branchiopod, 2(>f) 

Breathing; see Respiration 
Bristle; see also Sensory bristle 
of earthworm, 220 
of nereis, 208 
Bristletails, 292-7 
Brittle star; see Serpent star 
Broad fish tapeworm, 147 
Brown body of bryozoan, 175 
Bryozoa, 173-76, lH0-,j 
fossil. 329, SS2~3 
Biiccinum, 206-2 
Bud ; see Budding 
Budding 
of bryozoan, 174 
of hydra, 72, 76, H2-L 5 
of obelia, 83, 85 
Buffalo tree hopper, 292-16 
Bug, 292-15; see also Hemiptera 
Bumblebee, 292-2S 
Burrow 

of bark beetles, 292-27 
of earthworm, 220 
of echiuroid, 23k-6 
fossil, 322 
of nereis, 209 
of polychete, 2>H~l 
of sipunculid, 23l4~5 
Burrowing polychete, 23 1 
Butterfly, 292-20 
Monarch, 292-20 
mouth parts, 290 

Buttons from shells of clams, 206-6 

C 

(’aenogeiiesis; see ('enogenesis 
(Calcareous 

jilates of starfish, 300 
shell ; see Shell 
spicules of sponge, 63, 6*^“| 
sponge, 63, 68-2 
fossil, 326 

(Calciferous gland, 223 
Cambarust species differenc*es, 33, 27if-5 
Cambrian period, 824, 325 
Canals of water vascular system, 300; sec also 
Excretory canal 
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( apillarics 
of nereis, 212 
of squid, 203 
(’apsule, egg 
of earthworm, 230 
of planaria, 117 
(apsule, thread, 71 
( ’arapace of lobster, 257 
( arhori dioxide, 8 
( artilages of squid, 205 
Cassiopca^ 102-6 
(^ast, fossil, formation of, 322 
( astings of earthworms, 220 
('aterpillar 

corn-ear worm, 292-27 
of Monarch butterfly, 292-20 
of Pandora mot h, as foo<l, 292--2S 
of sphynx moth, 292-26 

(ecropia moth, 292- 5 ^ 2t 
(’ell, 9 

epithelial, 62, 70 
gland, 73 
membrane, 9 
mesenchyme, 70, 71 
muscle, 63, 70, 110 
nerve, 70, 80 
nutritive-muscular, 71 
protective-muscular, 7 1 
reproductive, 70 

sensory, 80; see also Sense orguiis 
thread, 71 

(’ell division; sec Division 
(’ell membrane, 0 

( ’ell types 
of hydra, 73 
of sponges, 62, 60 
( 'ellular construct ion, 60 
('ellular level of organization, 61 
in evolution, 338 
in sponges, 61 
Cellulose, 9 

plates of dinoflagellales, 42 
<ligested by Trichonytnpha, 47 
( ellulose-like material of tunicate, 3J() 

(’ement gland 
of gastrotrich, 172 
of rotifer, 169 
( 'enogenesis, 296 
( 'enozoic era, 325 
Centipede. 272-73. 27J^-16 
fossil, 332 

(entral nervous system; Nervous system 
( -entrifuging of egg of starfish, 305 
(Cephalopod, 198-206, 206-9, 10 
fossil, 330, 332-.^^. 
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Cephalotliorax 
of arachnid, 
of lobster, 25({ 

('eratium^ 1 
luminescence, 205 
Orcaria, 

of blood flukes, 100 
of Chinese liver fluke, 140, 141 
of sheep liver fluke, 140 
of liver fluke, 141 
Cestoda; are Ta]>eworiu 
('estuft, 107 

lurrnnescence, 20.> 
f’haetognatha, IHO 
( ’haetoix>da, 202 
('haetopleru.'!, I 
luminescence, 20.> 

( ’halk, 50 
( 'helicera 

of arachnid, 200 
of spider, 209, 
f 'heliped of lol)ster, 250 
f’hert, 51 

fOiilopoda; .srr (\mtipede 
(Viewing process of king cral), 271 
('hinese liver fluke, 140, ITiO J 
Chitin of arthropod, 241 
(-hitinous exoskeleton, 241, 212 
(’hiton, 181-84, m-/, 2 
(’hloragen cells of earthworm, 225 
COdoragogen; .see (’hloragen 
Chlorellay species differences, 04 

COilorophyll, 1 

of diiioflagellates, 42 
of EuglciiUy 40 
of flagellates, OH 
loss of, 0, 30S 
of VohoXy 40 
(’hordata, 312 

(’hordate line of evolution, ,040 
('hrysalis of Monarch butterfly, i29'2-'2(^ 
dhrysaora hyffocrMay t02 5 

(fhrysamoebay 88 
Chrysomyiay 292-22 
(Cicada, 292-17 
mouth parts, 291 
Cidarisy SS2-3 
Cilia 

on gills of clam, 20, 50, 191-90 
of paramecium, 23 
of protozoa, 54, 55 
Ciliary 

combs of comb jelly, 103, 102-1 3 y lOS- J 
movements of planaria, 110 


( iliata; .see ( 'iliates 
Ciliatt^d 

bands 

of starfish larva, 308 
of tornaria larva, 020 
gills of tube-dwelling polychete, 22ft-2 
groove of amphioxiis, 014, 015 
lobes 

of rotifers, 1G9 
of veliger, 180 
tentaxdes 

of brachiopod, ISO-) 
of bryozoan, 174 
of brachiopod, 177 
of plujronidea, 179 
f 'iliates, 54-58, 5rS'-5, 0 

Circulatory system 
of amphioxus, 015 
or arthroi>od.s, 250 
of brachiopod, 1 77 
<»f chiton, 180 
of clam, 195 
of earthworm, 220 
of grasshopper, 280 
of lobster, 2C0 
of nemertean, l.'>2, 150 
of nereis, 212 
of spider, 270 
of squi<l, 200 

( 'irri, 57 
Cladoceran, 208 

Clam, 189-98 
as food of man, 200-7 
fresh-water, 200-0 
gaper, 200-7 
horse-hoof, 200-0 

(Mam worm; .see Nereis 
Class, 02 

( Massification of animals, 01-00 
(’lear outer layer of arneba, 13, 14, SO-1 
(’litellum, 228 

(lonorchis itinen.s'isy 140, lftO-2 

('l()se<l circulatory system compared with open, 
250 

Clothes moth, 292-27 

(’ockroach, 292-8 
learning in, 290 

(’ocoon 

of (’ecropia moth, 292-21 
of earthworm, 230 

CodosigGy 43 

C-oelenterata, 69; see also (^oelenterate 

i\T 

Anthozoa, 98-102, 103-8 to 17 
Hydrozoa, 94, 102-1 y 2, 3 
Scyphozoa, 95, 102-lf^ to 7 
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Coelenterate, 69-102, 102-1 to 17; aes also Colo- 
nial coelenterate 
evolution, 339 
fossil, 827 
regeneration, 125 
Coeloceraa, 3S2-4 
Coelom 

advantage of, 211 
of amphioxus, 314, 315 
of arthropod, 250 
of brachiopod, 177 
of bryozoan, 174, 175 
of chiton, 183 
of clam, 195 
development 
in annelids, 211 
in arthropod line, 341 
in echinoderms and ohordates, 341 
in grasshopper, 28() 
in starfish, 307 
of earthworm, 226 
of ectoproct bryozoan, 21 1 
in evolution, 341 
of grasshopper, 286 
of leeches, 233 
of nereis, 210 
of peripatus, 237 
of starhsh, ,^4 
Coelomic fluid 
of earthworm, 226 
of nereis, 211 
of starfish, 304 

Coelomic lining, 209, 210, 211 
C'oelomic sacs 

development, in starfish, 3(K{, 307 
of nereis, 21 1 
Codoplana, 107, 108 
Coiled shell 

of fossil cephalopod, 330 
of gastropi^, 186 
of larva of gastropod, 187 
of nautilus, 198, 206-9 

Coiling of visceral mass and shell of gastropod, 
186 
Collar 

of acorn worm, 318, 319 
of squid, 200, 201 
Collar cell, 61, 62 
Collar-flagellate, 43, 62 
Collembola, 287, 288, 294 
Colonial bryozoa, 173, 180-3 

(Colonial coelenterates 
corals, 100, 102-10 to 14 
fossil coral, S32-1 
gorgoaiaas, 102, 102-16, 16, 17 
graptolite, 327, 332-1 
nydraeHnia, 93 
hyitoids, 82, 93, 102-1 
obelia, 82 


Phyaalia, 94, 102-3 
Velella, 95 
Colonial protozoa 
collar-flagellates, 43, 62 
Volvox, 40, 41, 58-1 
Colonial rotifers, 180-2 
Colonial sponges, 61, 65, 68-1 
Colonial tunicates, 317 
Color vision of insects, 289 
Colpoda, 54, 55 
Columbus, 231 
Columnaria, 332-1 
Comb jelly, 103-8, 102-18, 108-1 
C'ommensalism, 47, 134, 149 
("ompass jellyfish, 102-5 
Compound eye 
of dragonfly, 292-5 
of insects, 246, 247, 292-5 
of lobster, 258, 264 
Conjugation 
of paramecium, 27 
of Vorticella, 58 
(Connective tissue, 70 
Conatrictotermes, 292-10 
(Contractile cell; aee Muscle cell 

(Contractile fiber 
of Euglena, 39 
of hydra, 71 
of Stenior, 56 
of thread cell of hydra, 70 
of Vorticella, 57, 58-6 

(Contractile vacuole, 17, 18 
of ameba, 17, 24 
of Balantidium, 57 
of Euglena, 39 
of paramecium, 24 
of parasitic protozoa, 1 9 
of Volvox, 40 

Convergent evolution, 204, 205 
Convoluta roscoffensia, 135 

Co-ordinating fibers 
of Euphtea, 25 
of parameciiun, 25 

Co-ordinating mechanism 
of Euplotea, 25 
of paramecium, 24 

Co-ordination; aee alao Nervous system 
of activities of hydra, 81 
of Volvox members, 41 
Copepod, 267, 27Jk-l 
Coprolite, 322 
CCopulation 

of earthwonns, 229, 2SJt-3 
of planarias, 116 
Copulatory sac of planariaj 116 
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Coquina, lamp-shell, 

Coral, 100, 102-10 to 16, 17 
fossil, 825, 828, 332-1 
reefs, 100, 101 
Cor allium rubrum, 102-14 
Corn-ear worm, 292-27 
Cory dolus, 292-6, 12 
Cotton boll weevil. 292-27 
Covering cells of sponges, 61 
Crab, 266, 274-3 
Crane fly, 292-3 
Crayfish, 256, 274-3, 7 
scientific name, 85 
Oetaceous period, 825 

f Vicket. 292-9 
as food of man, 292-23 
Crinoid, 308-10 
fossil, 332, 332-2, 3 
Crop 

of earthworm, 22.8 
of grasshopper, 280 
Oustacea, 266; see also Crustaceans 
Crustaceans, 266-68, 274~1 to 3 
fossil, 825, 881, 332-3 
Cry'ptochiUm, 206-1, 2 
Crystalline style of clam, 194 
('tenophora, 108 

Ctenophore, 108-8, 102-13, 103-1 
Culex, 53 

C’ulture of sponges, 63-6 
Cup coral, 102-10 
Cuticle 

or arthropod, 240 
of flukes, 136 

lining fore-gut and hind-gut of insect, 281, 
of lobster, 256 
of nereis, 209 
of peripatus, 236 
of roundworm, 157 
Cuttlefish, 206-9 
Cuvier, 4 

Cyanea, 97 
luminescence, 205 
Cyclops, 267 

as intermediate host of guinea worm, 1 64 
Cyst 

of ameba, 20 
of Colpoda, 54 
of dysentery ameba, 48 
hydatid, of tapeworm, 148 
of OTotosoa, 37 
of Trichina, 162, 164-^ 
of Volmx, 41 
Cystoid, 882, 332-2 
Cytc^lasm, 9 


D 

Daddy longlegs, 268, 274-14 
DalmaneUa, 332-2 
Damage 

by bark beetles, 292-27 
by clothes moths, 292-27 
by isopods, 274-!2 
by shipworms {Teredo), 206-7 
by termites, 292-11 
Damsel fly, 292-3 
Daphnia, 268 
Darwin, 219 

Daughter-colonies of Volvox, 41 
Degeneration experiments on planaria, 129 
Development; see also Reproduction 
of annelid, 217 
of clam, 197 
of gastropod larva, 186 
of grasshopper, 285, 286 
of insect, 2^, 286 
of larva of nereis, 216, 217 
of starfish egg, 305 
Devonian period, 325 
Didinium, 55, 58-6 
Difference 

between invertebrates and vertebrates, 4 
between living and nonliving, 8 
between plant and animal, 1 , 2 
Differentiation, 12, 254; see al^so Specialization 
anteroposterior, 125 
axes, 131 

of digestive epithelium of nemerteans, 152 
of digestive system 
of earthworm, 22.8 
of nereis. 210 
of polyps of obelia, 87 
in protozoa, 58 
sexual, 41 
Difflugia, 49 
Diffusion, 17 
Digestion, 7 
in ameba, 16 
in amphioxus, 815 
in arthropod, 251 
in centipede, 273 
in chiton, 182 
in clam, 194 
in earthworm, 223 
in m'ftsshopper, 280, 281 
in hydra, 75 
in leech, 284, 234-4* 3 
in lobster, 260 
in nemertean, 151-52 
in nereis, 210 
in obelia, 88 
in octopus, 206-10 
in paramecium, 24 
in planaria, 111-18 
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Digestion — conti n ved 
in rotifer, 170 
in roundworm, 159 
in spider, 270 
in sponge, 62 
in tapeworm, 143 

Digestive filaments of sea anemone, 99 
Digestive gland 
of brachiopod, 1 77 
of clam, 1 94 
of nereis, 210 
of spider, 270 
of starfish, 302 

Digestive tract, variations among insects, 2H7 
Dinoflageilates, 42, 5**? / 

Diphyllobothrium latum, 147 

Dipleurula, 308 
in evolution, 341 

IHplograpiwty S32~l 
Diplopoda; see Millipede 
Diptera, 292~,% 22 
Disease, spread by insects, 292-20 
Distribution of animals, 276 
Division 

of anemone, 102-S 
of cells of Volvox, 41 
of eggs of Urechu, 2Sl^-0 
of Euglena, 68-1 
of paramecium, 26, 30-2 
of sea-urchin egg, S08-0 
of starfish egg, 306 
of trypanosome, 58-2 

Division of labor, 254; see also Specialization 
among cells of sponge, 61 
among phases or life-history, 252 
among segments of earthworm, 227 
DizygocrinuSt 332-2 
Dobson fly, 292-12 
Dominance 

of head of planaria, 127 
in plants, 128 

Dorsal 

aorta of amphioxus, 315 
coelom of amphioxus, 314 
nerve cord, 813 
of acorn worm, 319 
of amphioxus, 313, 314 
of chordates, 313 
of tunicate, 318 
pore of earthworm, 225 
surface of planaria, 109 

Dover, cliffs of, 50 
• Dracuneultis medineruns, 164 

Dragcmfly, 294, 295, 292-4), H 
fossil relative of, 332-0 


Drying 

protection against 
in arthropods, 242 
in protozoa, 20, 37 
in rotifers, 171 
reaction of centipede to, 273 
Dung beetle, 297 

Dysentery, caused by Balantidium , 68-5 
J lysentery ameha, 47, 48, 5.9 5 

E 

Earthworm, 219-30, 231^-3 
Echinococcus cyst, 148, 150- 
Kchinococciia granulosus, 148 
Echinodermata; see also Echinoderms 
of 

Asteroidea (starfishes), 300-309, 308-1, 2, 3, 9 
Crinoidea (sea lilies), 308-10 
Echinoidea (sea urchins, sand dollars), 309 - 
11, ^m-5 to 8 

Holothuroidea (sea cucumbers), 311, 308-9 
Ophiuroidea (serpent stars), 308 ff, 5 
Echin^erms, 299-311, 308-1 to 10 
fossil, 332, 332-2, 3 
Kchiuroid, 23!t-0 
Ectoderm, 70 

of developing grasshopper, 280 
of hydra, 70 
of obelia, 83 
of planaria, 1 1 1 

Ectoplasm; see CHear outer layer nmeba 
Ectoprocta, 170 
Egg, 41 

of blood fluke, 150-2 
of cicada, 292-17 
of crayfish, 271^-7 
of hydra, 82-6 
of ichneumon fly, 293 
of liver fluke, 150-2 
of malarial parasite, 52, 53 
of Monarch butterfly, 292-20 
of rotifer, 171 

of Schistosoma mansoni, 150-2 
of sea urchin, 308-0 
of spider, 27J)-12 
of starfish, 305 
of Ureckis, 23lr-6 
Egg capsule of planaria, 117 
Egg case of cockroach, 292-7 
Egg-laying of earthworms, 229 
Egg sac of earthworm, 227, 228 
Electric-light bug, 292-15 
Eledone cirrosa, 206-10 
Elephantiasis 
caused by filaria, 163 
victim, 164-2 

Elephant's-ear sponge, 68-2 , 
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Elimination) 7 
of ameba, 10 
of clam» 194 
of earthworm, 220 
of grasshopper, 281 
of hydra, 75 
of nemertean, 1 52 
of Paramecium, 24, 'i()~2 
of planar ia, 118 
Embryo 
of hydra, 80 
of sea urchin, 

Emetin, 48 
Encephalitis, 44 
hJncysted ameba, 20 

Encysted stage of dysentery ameba, 48, OH-d 
Endamoeha 
colt, 47 
gingivaJifty 48 
hutolyticay 47, 48, 5<S‘-5 

Endoderm 

of grasshopper, 280 
of liydra, 70 
of obelia, 80 
of planaria, 1 1 1 
of starfish, 800 

Endoplasm; (iranular interior of ameba 
Endopodite, 257 
Endoprocta, 170 

Endoskeleton 
of starfish, 800 
of vertebrate, 241, 242 
Enzyme 
of ameba, 1 0 
of clam, 194 
digestive, 7 
respiratory, 8 

Ephemerida, 202-1 o 
Ephydatiay 68-d 
Eph^a, 90, 102-il 
Epidermis 

of arthropod, 24 1 
of earthworm, 225, 220 
of CTasshopper, 287, 298 
of lobster, 250 
of nereis, 209 
Epilepsy, 148, J50-// 

Epip^ite, 258 

Epithelial cells of sponges, 02 
Epithelial tissue, 70 
Epithelium, 70 
Era, 324, 325 
Esophagus 
of chiton, 188 
of c]am» 192 
of earthworm, 228 


of grasshopper, 280 
of nereis, 210, 212 

KubranchipuSy 27 Jf.-! 

Euglena, 39 
dividing, 68-1 

Euglenoid movement, 39 

EuniceUay 102-15 

Euplanaria 

dorotocepkalay 128-1 y 2 
tigrintty 108-2 y 128-1 y 2 

Euplof^s 

experiments on co-ordinating fibers, 25 

as a hypotrich, 57 

removal of small nucleus, 25, 20 

Eurypterid, 325, 331, SJ2-5 

Eurypterusy 332-5 

Evolution 

of animal phyla, 884-42 
and complexity, 40 
<*onvergent, 204 
evidence from fossils, 828 
and loss of organs, 187 

Excretion, 8 
of ameba, 17 
of amphioxus, 815 
of arthropods, 251 
of chiton, 183 
of clam, 195, 190 
of earthworm, 225 
of grasshopper, 281 
of hydra, 76 
of lobster, 203 
of nemertean, 154 
of nereis, 214 
of paramecium, 24 
of planaria, 114 
of rotifer, 170 
of roundworm, 100 
of starfish, 304 
variation among insects, 288 

Excretory 

canals 

of nemertean, 154 
of planaria, 114 
of roundworm, 159, 100 
of tapeworm, 144 
pore 

of nemertean, 154 
of planaria, 114 
of roundworm, 158, 1 00 
tubes of brachiopod, 177 

Excurrent 

opening of sponges, 01, 04, 05 
siphon of clam, 191-98 

Exopodite, 257 

Exoskeleton 
of arthropod, 241 
of lobster, 250 
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Expansion of wings of insects. 283 
External parasites, 136, 137 
Eye 

of arthropod, 246 
of Cecropia moth, ^9£-5 
of centipede, 273 
of craynsh, ^7^-7 
of dragonfly, S9i2-6 
of gastropod, 186 
of grasshopper, 278 
of insects, 246, 247, 289 
of lobster, 258 
of millipede, 274, 271^-15 
of nereis, 215 
of paramecium, 23 
of planar ia, 118, 10S~2 
of spider, 269. 
of squid, 203 
of trilobite, 331 
Eye brush, 291 

Eyes, variation among insects, 289 
Eyespot 
of Euglena, 30 
of feather worms, 234-^ 
of starfish, 305 
of VolwXt 40, 41 

F 

Fairy shrimp, 256, 274-1 

Family, 32 

Fan worm, 234-^ 

Fangs 

of centipede, 27 4-1 G 
of spider, 274-13 
Fasdola hepaticat 140, 150-2 
Feces, 7 
of clam, 194 
fossil, 322 

human, as fertilizer, 48 
Feeding 

of acorn worm, 319 
of ameba, 15 
of amphioxus, 315 
of brachiopod, 177 
of bryozoan, 175 
of chiton, 182 
of clam, 191, 192 
of comb jelly, 106 
of earthworm, 220 
of fluke, 137, 138 
of lobster, 261 
of nemertean, 152 
of rotifer, 170 
of roundworm, 159 
of sea urchin, 310 
of spider, 270 
of sponge, 60, 61, 62 
of starfish, 302, ^8-3 
of squid, 202 


of tapeworm, 143 
of tunicate, 317 
Feeding polyps 
of Hydractinia, 94 
of obelia, 84, 85, 87 
of Velellat 95 

Femur of leg of grasshopper, 279 
Fertilization, 41 
of clam, 197 
of earthworm, 230 
of hydra. 78 
of starfish egg, 305 
Fever 

caused by bite 

of black-widow spider, 274-12 
of centipede. 27 4-1 G 
caused by trypanosome, 44 
malaria, 52, 53, 54 
relapsing, 274-14 
Fibers of horny sponge, 63, 68-4 
Fiddler crab, 274-8 
Filaria, 163; see also Elephantiasis 
Filterable virus, 3 
Fin-rays of amphioxus, 313, 314 
Firebrat, 292-7 
Firefly, 205, 292-19 
Fireworm, 231 
Fishing for sponges, 68-5 
Fish-lice, 267 
Fish moth; see Silver fish 
Flagella; see FlageUum 
Flagellata, 38; see also Flagellates 

Flagellates, 38-47, 58-12 
in Convoluta, 135 

Flagellum, 2, 38 

Flame cell, 114; cdso Excretion 
of fluke, 136 

of endoproct bryoasoan, 176 
of larva of annelid, 218 
of larva of chiton, 184 
of nemertean, 154 
of planaria, 114 
of rotifer, 169, 170 
of tapeworm, 144 
Flat worms, 109-50, 150-1 to 4 
classes of 

Cestoda, 143-50, 150-3, 4 
Trematoda, 136-43, 150-2 
Turbellaria, 183-36, 150-1 
evolution, 340 
parasitic, 136-^0 
Fl^ 292-S 
mouth parts, 291 
Flies, 292-22 
Flint, 51 

Flosotdaria, 180-1 



INDEX 


Flukes, 13fr-43, 150-2 
blood, 138, 160-2 
Chinese liver, 150-2 
sheep liver, 140, 150-2 
Fly; see also Flies 
mouth parts of, 291 

Food-collecting legs of honeybee, 292, 202-2 
Food vacuole 
of ameba, 10 
of collar-flagellates, 43 
of Endamoeba coliy 47 
of hydra, 73, 75 
of paramecium, 24 
of planaria, 113 
Foot 

of chiton, 182 
of clam, 190 
of gastropod, 1 80 
of PhiMina, 169 
of squid, 202 
tube; see Tube feet 
Foraminifers, 49, 50 
fossil, 326, 3S2-1 
Globigerina, 58-3 
living, 58-3 
shells, 58-3 

Fore-gut of grasshopper, 280 
Fossil record 
of brachiopod, 178 
of Lingula^ 178 
Fossils, 321-33, 332-1 to 0 
definition, 321 
formed on land, 323 
index, 324 

of marine invertebrates, 323 
Fresh-water 
bryozoan, 180-3 
clam, 206-6, 8 
jellyfish, 102-2 
shrimp, 27Jf-4, 
sponge, 67, 68-3 
triclad, 134, 150-1 
Fringing reefs, 100 
Funnel of squid, 200 
Furcaster, 332-3 

G 

Gall wasp, 202-2k 
Gamete 

female (egg), 41 
male (sperm), 41 

Ganglion; see also Brain, Nervous system 
of clam, 196 
of earthworm, 221 
fusion of, in arthropods, 249 
of grasshopper, 284 
of nereis, 215 
of squid, 203 
of tunicate, 318 


(iaper clam, 206-7 

Garden fleas, 287 ; see also (Jollembola 
Garden spider, 27^-10 
Gastric filaments of Aurelia, 96 
Gastropoda, 185; see also Gastropods 
Gastropods, 185-88, 206-2, 3, 4, 5 
fossil, 330 
Gastrotrichs, 172 
Gastrovascular cavity 
of Gonionemus, 90 
of hydra, 72, 76 
of obelia, 83, 84, 85 
of planaria. 111, 112, 113 
of Pleurobrachia, 104 
(lastrula 

of coelenterate, 92 
as stage in evolution, 336 
of hydra, 78 
of sea urchin, 308-6 
of starfish, 306 
Gemmule, 67, 68-Ji. 

Genera (plural of genus) ; see Cienus 

(lenital chamber 
of planaria, 115 
of tapeworm, 144 

Cienital pore 
of planaria, 116. 
of roundworm, 160 
of tapeworm, 144 

Genus, 33 

(ieography, animal, 276 
(iiant 

crab, 27Jf-8 
s(juid, 206, 206- 0 
water bug, 292-15 

Giardia, 47, 58-1 
(iill 

bars of amphioxus, 313, 315 
book of king crab, 271 
heart of squid, 203 
separator of lobster, 258 
Gills 

of arthropods, 251 
of chiton, 182, 206-2 
of clam, 191 
of gastropod, 186 
of lobster, 262 
skin, of starfish, 304 
Gizzard 

of earthworm, 223 
of grasshopper, 280 
of lobster^ 261 
Glass sponge, 63, 68-2 
Globigerina, 50, 58-3 
Globigerina ooze, 50 
Glochidium, 197, 198 
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Glowworm, 205, 292-19 
Gonad ; see Sex organ 
Gonionemusy 90, 91, 92 
OonyaulaXy 42 
luminescence, 205 
Gordius y 165, 166 
Gorgonians, 102, 102-1 6y 17 
Gradient 

anteroposterior, 128 

in control of normal development, 130 

experimental alteration of, 129 

how started in animals, 130 

mediolateral, 131 

mouth-base, 128 

ventrodorsal, 131 

Gradual metamorphosis of grasshopf)er, 286 
Grafting in planaria, 126, 128- h 2 
Granular interior of ameba, 13, 14 
Grapefruit crop destroyed, 292-27 
Graptolites, 325, 332-1 
Graptozoa, 327 
Grasping legs of louse, 292-2 
Grasshopper, 278-87, 292-9 
abdomen, 280 
circulatory system, 283 
damage by, 292-27 
digestive tract, 280 
excretion, 281 
as food, 292-28 
head, 278 
legs, 279 

metamorphosis, 286, 294 
mouth parts, 279 
nervous system, 284 
reproduction, 285 
respiration, 281-83 
thorax, 278 
wings, 279, 280 

Great Barrier Reef, 101, 102-12 

(ireen glands of lobster, 263 

(iregarine, 58-5 

Growth lines of clam shell, 189 

Guinea worm, 164 

Gullet 

of Euglenay 39 
of paramecium, 22, 23 
of 8<entor, 66 

Gullet grooves of sea anemone, 99 
Gyrodactylusy 137 


H 

Hairworms, 165, 166 
Halioiisy 200-1^, 

Haltere, 292-3 
Harvestman, 268, 27 1^-1 1^. 


Hatching 

of hydra, 78-79 
of insect, 283 
Hazelnut weevil, 292-18 
Head 

of amphioxus, 316 
of arthropod, 245 
of centipede, 273 
of chiton, 182 
of clam, 196 
of crayfish, 271^-6 
of earthworm, 220 
of gastropod, 186 
of passhopper, 278 
of lobster, 257 
of nereis, 210, 215 
of planaria, 109, 112, 108-2 
of rotifer, 169 
of tapeworm, 143, 150-3 
Heart 

of amphioxus, 315 
of arthropwl, 250 
of brachiopoil, 177 
of chiton, 183 
of clam, 194, 195 
of cockroach, 292-8 
of earthworm, 224 
of CTasshopper, 283, 281 
of lobster, 263 
of spider, 270 
of tunicate, 316, 317 
Heliozoan, 51 
Hellgrammite, 292-12 
Hemiptera, 292-15 
Hemocyanin, 27JH> 

Hemoglobin 
in crustaceans, 27 
in nereLs, 214 
in proboscis worm, 153 

Hercides beetle, 292-18 
Hermaphrodite, 77 

I lermaphrod it ism 
of barnacle, 267 
of comb jelly, 1 07 
of earthworm, 228 
of fluke, 136, 141, 150-2 
of hydra, 82-(i 
of insects. 288 
of oligochetes, 232 
of planaria, 115 
of tapeworm, 144, 150-3 
of tunicate, 317 

Hermit crab, 27J^-8 
Heteronereis, 230 
Heterotridis, 56 
Hexacoralla, fossil, 328 
Hind-gut of grasshopper, 280 
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Hinge 

of brachiopo(l» 177 
of clam shell, 189 
Hinge teeth, 190 
llippopusy 206-6 
Hirudin, 284 

Hirudinea, 283-84; .w also Ix^eclies 
Ilirudo medU'inalis, 

Holotrichs, 55 
IlomaruHt 27^-6 
Homo mpiena^ 84 
Homology, 248 
as evidence for evolution, 885 
Honey, 292-2H 
Honeybee, 202-2 i 
legs, 291. 202-2 
}>oison glands, 294 
sting, 294 

Hooking sponges, OS-f) 

Hooks 
of fluke. 187 
of tapeworm, 147, J00~d 
Hookworm, 101, 102, t6Jf-1 
Hormones of molting in insects, 295 
Hornet’s nest, 202-2/f 
Horny covering 
fossil, 822 
of obelia, 88, 85 
Homy sponge, 08, 6S-2 
culture of, 6S-6 
fibers of, 08, 
fossil, 826 
spofigin of, 68 
uses of, 6iS-G 
Horse-hoof clam, 200-6 
Horseshoe crab; see King crab 
Host 
final, 140 
intermediate, 140 
man as, 148 
sheep and cattle as, 1 49 
House centipede, 27 6 
Housefly, 292-S: see also Fly 
legs, 291 

sponging tongue of, 292-4- 
Huntsman spider, 274-Id 
Hydatid cyst, 148 
Hydnoceras, 332-1 
Hydra, 69--82, 82-1 to 6 
behavior, 79 
bud, 76, 82-U 4 
contracted, 82-4 
development, 78 
dig^tion, 75 
eating worm, 82-2 
effg, 77, 82-6 


elimination. 75 
enzymes, 75 
excretion, 70 
feeding, 71, 82-2 
gastrovascular cavity, 72, 70 
gradient, 128, 180 
liermaphroditism, 82 -d 
locomotion, 81-82 
nerve net, 79 
ovary, 72, 77, 82^6 
regeneration, 77, 125, 129 
reproduction, 70, 77, 82 }, 5. 0 
respiration. 70 
sperms, 77, 78, 82-o 
with testes and buds, .s':^ 5 
thread capsules, 71 
with young bud, 82 4 
Hydra litforalis, 82-1 
Hydractmia, 98, 94 
Hydroid, 82, 102-1 
luniines(>ence, 205 
Hydrozoa, 94, 102 I, 2, 7 
fossil, 827 

Hydrozoan jellyfish, 102-2 
Hymenoptera, 292-22 ^ 25 
Hypotrich, 57, 58-5 


I 

Ichneumon fly, ovipositor of, 298 
Impression, fossil, 822 
Incomplete metamorphosis, 252 
Incurrent pores of s}>onges, 01, 04, 05 
Incurrent siphon of clam, 191, 192, 198 
Independent 
bacteria, 3 
plants, 1 
Index fossil, 824 
Indiana building-stone, 50 
Individuality 

beginnings of, in Volrox, 40 
of sponge, 05 

Ingestion, 7; see also Feeding 
Inhibition 

by brain of grasshopper, 284 
as function of brain, 215 
Ink sac of squid, 202 

Inner branch of arthropocl appendage, 257 
Insect, 275-98, 292-1 to 28; see also (irasshopper 
abdomen, 280, 293 
air tubes, 281, 292-6 
antenna, 289, 292-6 
anus, 281 

behavior, 258, 296 
blood, 283 

circulatory system, 250, 283 
color vision, 289 
development, 285, 280 
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Insect — continued 
digestion, 280, 287 
excretion, 281, 288 
eye, 245, 246, 247, 289, S9^~5 
fossil, 832, 332-e 
head, 245 
hormones, 295 
larva, 252 
legs. 279, 291, 
meaning of name, 278 
metamorphosis, 252, 286, 294 
molting, 253, 286 
mouth parts, 279, 290, 292 
nervous system, 284, 288 
orders, 297, 292-7 to 2o 
phases of life-cycle, 252 
polymorphism, 253, 292-10 
pupa, 252; see also Pupa 
reproduction. 285, 288 
respiration, 281, 288, 292-0 
sense organs, 249, 289, 292- ft 
smell, 290 
thorax. 278, 291 
typical, 277 

variation in structure, 287 
wings, 248, 280, 293, 292-2 

Instinctive behavior, 254 
Intermediate host, 140 
Internal parasites; see Parasites 
Internal skeleton of squid, 205 
Intestine 

of amphioxus, 313 
of brachiopod, 177 
of bryozoan, 1 74 
of clam, 193, 194 
of earthworm, 223 
of grasshopper, 281 
of lobster, 262 
of nemertean, 151 
of nereis, 210, 213 
of Phoronidea, 1 79 
of roundworm, 158, 159 
of starfish, 308 
of tsetse fly, 44, 45 
Invertebrate chordates, 812*-20 
Invertebrate relationships, 834 
Invertebrates 

distinguished from vertebrates, 4 
percentage of, in animal kingdom, 4 
Isopod, 27^-2 
Isc^tera, 292-10, 11 

J 

Jfq>anese beetle, 292-18 
Jaw 

of arthropod, 246 
of centip^e, 273 
of cicada, 291 
of grasshopper, 278 


of lobster, 258 
of nereis, 290 
of peripatus, 236 
of squid, 202 
of stag beetle, 292-j^ 

Jelly 

of Aurelia, 102-7 
of comb jelly, 106 
of Goniofiemus, 90 
Jelly, comb; see Comb jelly 
Jellyfish; see also Medusa 
with bell contracted, 102-^ 
with bell relaxed, J02-f> 
cells in jelly, 102-7 
fossil, 327 
hydrozoan, 102-2 
jelly of, 102-7 
life-history, 102-G 
stage of obelia, 102-2 
washed up on beach, 102-7 
Jellylike material of hydra, 71, 73; see also Jelly 
Jointe<l 

appendages of arthropods, examples of, 244 
exoskeleton of arthropod, 242 
legs of arthropods, 243 
Jolietoceras, 332-4 
Jurassic period, 325 

K 

Kallima butterfly, 292-1 
Kalotermes, 292-10 
Katydid, 292-1, 8 
Key-hole limpet, 20G-4 

Kidneys; see also Excretion 
of chiton, 183 
of clam, 196 

King crab, 271, 274-9 
fossil of, 325, 331 ; see also Prestvntchia 
as “living fossil,” 271 

King termite, 292-10 

L 

Labium 

of grasshopper, 278 
of insects, 291 
of stag beetle, 292-4 

Labrum, 278 
Lacewing fly, 292-12 

ladder type of nervous system 
of chiton, 183 
of planaria, 118 

Lamarck, 4 

Lamp-shell; see Brachiopoil 
Land life, requirements for, 242 
Laqueus califomicvs, 180-4 
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Larva 

of acorn worm, SI 9 
of ant, 292-23 
of ant lion, 294, 295, 292-12 
of arthropods, 252 
of blood fluke, 138 
of botfly, 292-26 
of bracliiopods, 177, 178 
of bryozoa, 175 
of chiton, 183 
of clothes moth, 292-27 
of coelenterates. 92, 102-6 
of Corydalusy 292-6 ^ 12 
of crustaceans, 267, 271^-1 
of dobson fly, 292-6, 12 
of echinoderms, 299 
of king crab, 271 
of lacewing fly, 292-12 
of lobster, 265 

of Monarch butterfly, 292-20 

nauplius. 267, 27 ^-1 

of nereis, 216 

of obelia, 86 

pilidium, 155 

of spiny lobster, 271^-6 

of tsetse fly, 294 

trochophore; see Trochophore larva 
of tunicates, 317, 818 
veliger, 186, 187, 198 

Lateral lines of roundworms, 157, 158, 160 
LatrodectiLS mactans, 271^-12 
Leaf beetle, 292-1 
Learning 

in arthropods, 254 
experiments on smell of bees, 290 
experiments on vision of bees, 289 

Leech, 233-34 
land, 232 

from leg of turtle, 231^-1^ 
medicinal, 2,%-5 
pond, 23J^-5 
Legs 

of arthropod, 248 
of grasshopper, 279, 291 
of honeybee, 291 
of housefly, 291 
of insects, 279, 291, 292-2 
of peripatus, 236 

I^ns of eye 
of arthropod, 246-47 
of nereis, 215 
of spider, 246 
of squid, 203 

Lepas, 27^-3 
Lepidoptera, 292-20 
Leptasteriast 308-3 
Leucocyte, 48 
Leucoaoleniat 61, 63, 66 


Level of construction 
ceHular, 61 
organ system. 111 
protoplasmic, 11 
tissue, 70 
Lice, 292-2 
metamorphosis of, 294 
Life-activities, 6 
assimilation, 8 
digestion. 7 
elimination, 7 
excretion, 8 
ingestion, 7 
metabolism, 8 
respiration, 8 
Life-cycle 

of arthropods, 251, 252 
of A urelia, 96 
of coelenterates, 88 
of liver fluke, 140, 141 
of malarial parasite, 52 
of obelia, 86 
of tapeworm, 145 
of trypanosomes, 45 
Ligament of clam shell, 189 
Light-producing organs, 204; see also Lumines- 
cence 

Light-sensitive cells; see also Eye 
of earthworm, 221 
of planaria, 118 
Limestone; see also Calcareous 
cups of corals, 100 
Indiana building-stone, 50 
Limnoria lignorum, 27^-2 
Limpet, 185, 206-^ 

Limulus; se^ King crab 
Lingula, 178, 325, 332-2 
Linnaeus, 35 
lAriope, 92, 93 
luminescence, 205 
LithohiuSf 273 

Liver of amphioxus, 813, 314, 315 
Liver fluke, 140, 141, 150-2 

Lobster, 256-66, 27^-3, 5, 6 
covered with barnacles, 27^-3 
fossil, 331 
Homarus, 274-5 
Panvlirus, 274~0 
Locomotion 
of ameba, 14 
of arthropod, 243 
of chiton, 182 
of clam, 190 
of earthworm, 221 
of hydra, 81 
of nereis, 208 
of paramecium, 21 
of roundworms, 157 
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Locomotion — contin tied 
of squid« 200 
of starfish » 300 
Locust, ^^9^-17 
Ijoligoy 200-9 
Jjophoheliay 100 
Lophophore 

of brachiopod, 177, ISO-Jf 
of bryozoan, 174 
of Phoronidea, 179 
T^use, body, 

l^wer lip of grasshopper, 27.S 
Lueiferase, 205 
Luciferin, 205 
Lumbricus terreatrh, 229 
JiUrainesceiice, 204 
of bacteria, 205 
of fire worms, 231 
of fungi, 205 
of Noctiluea^ 42 
of polychetes, 231 
of squid, 204 
Lung book of spider, 270 
Lung of gastropod. 188 

M 

Macronucleus (large nucleus of ciliates) 25, 54 
Maerotermea natalenaia, ^9^-10 
Madreporite; see Sieve plate 
Maggot 

of Chryaomyia, S92S^ 
of flies, as food of man, S9^-SiS 
Malaria 
of birds, 53 
mosquito, 53, £96S6 
symptoms of, 54 
treatment and control of, 54 
Malarial parasite, 52-54, 6S~5 
Malpighian tubules of grasshopper, 281 
Man as host 
of Echinococcus, 148 
of trypanosome, 44, 45 
Mandible; aee Jaw 
Mantis, praying, 292-9 
Mantle 
of chiton, 182 
of clam, 191 
of squid, 200 
Manubrium, 90 
Marine shrimp, 27j^-^ 

Mastax, 170 

Mating of earthworms, 220, 23J^-3 
Maxillas 

of arthropod, 246 
of butterfly, 290 
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of cicada, 291 
of grasshopper, 278 
of lobster, 258, 261 
of moths and butterflies, 292- /f 
Maxilliped of lobster, 258 
Mayfly, 294, 292-Id 
Mealy bug, 292-10 
Measly beef, /50-^ 

Mechanical models of anieba, 20 
Mediolateral gradient of bilateral animals, 131 
Medusa, 90; aee alao Jellyfish 
of obelia, 84, 86, 87 
Megathura, 200- ft 
Membrane, c*ell, 9 
Membranelles, 56, 57 
Mesenchyme 
blood cavities in, 250 
irells, 71 

of planar ia, 114 
of sponges, 62, 63, 64 
of three-layered animals, 110 
Mesentery of nereis, 211 
Mesoderm, 110 

of developing grasshopper, 28(> 
evolution of, 339 
of nereis as coelomic lining, 209 
of planaria, 1 1 0 
Mesoderm cells, primitive, 217 
Mesoglea; aee Jellylike material 
Mesozoic era, 324, 325 
Metabolic 

gradient theory, 129 
wastes of planaria, 1 14 
Metabolism, 8 

Metagenesis (alternation of generations), 88 
Metamorphosis 
of arthropod, 252 
gradual, of grasshopper, 286 
of insects, 294 
Metridium, 102-9 
division of, 102-8 
Microciona, 08-1 
Microfilaria, 163 
Micro-needle, 12 

Micronucleus (small nucleus of ciliates) 25, 54 
Micropipet, 25 
Microatomum, 138 

and theory of origin of segmentation, 218 
Middle skin; aee Mesoderm 
Mid*gut of grasshopper, 280 
Migration of insects, 276 
Millepore, 102-17 
Millipede, 274, 271^-15 
fossil, 352 
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Miracidimn, 138, 139 
Missing link, 235 
Mississippian periixl, 325 
Mite. 268. 21k-n 
Mitosis. 19 
Mnemiopaisy 205, 

Mold, fossil, manner of formation, 322 
Mollusca; see also Mollusk 
classes of 

Amphineura, 185, 181-84, 
Cephalopoda, 198-206, I20fi~!)y JO 
( Gastropoda, 185-88, 206-2 to 5 
Pelecypoda, 188-98. 206-6 y 7, H 
Scaphopoda, 188 
xMollusk, 181-206, 206-1 to 10 
bivalves, 188 
body plan, 199 
chiton, 181-84, 206-1, 2 
clam, 189-98, 206-6, 7, 8 
evolution of, 340 
fossil, 325, 329 
octopus, 198, 206- JO 
squid, 198-206, 206-0 
tooth shells, 188 

Molting, 253 

of grasshopf)er, 287 
of insect, 283 
of spider, 271^-1 1 

Monarch butterfly, 202-10 
Mosaic vision of arthropo<l, 247 
Mosquito 

Anopheles, 53, 202-26 
Culex, 53 

malaria, 52, 53, 54, 202-26 
mouth parts of, 291 
yellow-fever, 202-22 
Moth 

(ecropia, 202-6, 21 
clothes, 202-27 
sucking tube of, 202 j 
tiger, 292-21 
Mouth 

of acorn worm, 318, 319 
of amphioxus, 315 
of brachiopod, 177 
of bryozoan, 1 74 
of chiton, 182, 206-1 
of clam, 192, 194 
of comb jolly, 104 

development of, in Hturflsh larva, 367 
of earthworm, 223 
of Oonionemtis, 90 
of grasshopper, 280 
of hydra, 72, 75, 76 
of lobster, 261 
of nemcrtean, 151, 152 
of nereis, 210 

of obelia medusa, 84, 85, 87 
of planaria. 111, 112 


of rotifer. 169, 170 
of roundworm, 158 
of spider, 270 
of starfish, 300 
of tunicate, 316 
Mouth ameba, 48 
Mouth-base gradient, 128 
Mouth lobes of Aurelia, 96 
Mouth parts 

of grasshopi>er, 279 
of insects, 290, 292-Jf 
Mouth pore of paramecium, 23 
Movement, ameboid, 14 
Mucus 
in feeding 

of am^Miioxus, 315 
of clam, 192 

in mating of earthworms, 229 
Mud-dauber wasp, 202 - 2 1 ^. 

Multicellularity, 60 
origin of, 338 
Muscle, retractor 
of bryozoan, 173, 174 
of proboscis worm, 152, 153 

Muscle cell, 70 
of hvdra, 71 
of planaria, 110 
of sponge, 62, 63 

Muscle scar of clam, 190, 193 
Muscle tissue, 70 
Muscles 

of amphioxus, 313, 314 
of chiton, 182 
of clam, 190 
of Lingula, 178 
of lobster, 260 
of nereis body wall, 209 
of nereis intestine, 210 
of roundworms, 157 
striated, 260 

Mutualism (symbiosis), 134 
of Trichonympha and termites, 47 
of Vonwluta roscoffcnsis and flagellates, 135 

N 

Nacreous layer, 189 
Naiad 

of dragonfly, 295, 202-1 If. 
of ma^y, 292-1 i 
Name, scientific, 34 
Nauplius larva, 267, 274.- 1 
Nautiloid fossil, 830, SS2-4 
Nautilus, 198, 206-9 
Nemtor americanns, 161, 164~t 
Needle-spined sea urchin, 208-7 
Nematocyst, 74. 75. 76 
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Nematoda, 154-64, 16U-1* see also Round- 
worm 

Nematomoipha, 165-66 
Nemertea; see Nemertean 
Nemcrtean, 151-55 
circulatory system, 15i 
digestive system, 151-5^ 
evolution, 840 
excretory system, 154 
fossil, 328 

nervous system, 154 
pilidium larva, 155 
proboscis, 151, L58, 154 
reproduction, 155 
Neolenus, 3S2-5 
Ncphridia 
of earthworm, 225 
of nereis, 214 
of peripatus, 237 
Nepliridium; see Nephridia 
Nereis, 207-18, 

circulatory system, 212 , 2JS 
coelom, 210, 21 1 
development, 216-18 
digestive system, 210, 212 
excretory system. 214 
feeding, 209 
larva, 216 
locomotion, 208 
nervous system, 214, 215 
reproduction, 215 
respiration, 209, 213 
segmentation, 208, 218 
sense organs, 214, 215 

Nerve cells; see also Nervous system, Sensory 
cells 

of hydra, 80 

light-sensitive, of planaria, 1 18 
marginal ring of, in obelia, 87 
Nerve cord; see Nervous system 
Nerve impulses, speed of, in earthworm, 222 
Nerve net 
of Gonionemus, 91 
of hydra, 79, 81 
of man, 118 
of olielia medusa, 87 
of planaria, 118 
of sea anemone, 99 
Nervmis system 
of acorn worm, 31 ^ 
of amphioxus, 313 
of arthropod, 249 
of chiton, 188 
of clam, 196 
of comb jelly, 105 

of earthworm, 221 % 

of Oomonemus, 91 
of ffrasshopper, 284 
of hydra, 79 
of lobster, 264 


of nemertean, 154 
of nereis, 214, 215 
of obelia, 87 
of planaria, 117 
of roundworm, 100 
of squid, 203 
of starOsh, 304 
of tapeworm, 143 
of tunicate, 318 

variations of, among insects, 288 
Nervous tissue, 70; see also Nervous system 
Nettle cell; see Thread capsule 
Neuroptera, 292-12 
Niche, 276 
Noctilucay 42 
luminescence, 205 
Notochord 
of acorn worm, 319 
of amphioxus, 313, 314 
of tunicates, 317, 318 
Nucleus, 9 • 

of ameba, 1 2 
of ciliates, 54 
of dysentery ameba, 48 
of Fjndam 4 )eha colt, 47 
function of, 12 
of Opalina^ 55 
of Paramecium, 25 
of Steniofy 56 
of trypanosome, 44 
of Vorticellay 58 
Nummulitesy 332-1 

Nutrition, difference between plant and animal, 1 
Nutritive-muscular cells, 71, 73 
Nymph, 286, 294 
of cicada, 292-17 
of cockroach, 292-H 
of grasshopper, 286 

O 

Oak apple, 292-':i\ 

Obelia, 82 87 

(comparison of medusa and polyp, 87 
development, 84, 86 
feeding, 83 

formation of colony, 83 
' gastrovascular cavity, 83 
jellyfish, 84, 85, 102-2 
life-cycle, 86 
luminescence, 205 
nerve net, 87 
polymorphism, 87 
reproduction, 84 
stinging capsules, 83 
OceUi, 278 

Octocoralla, fossil, 828 
Octopus, 198, 206-10 

C/donata; see Dragonfly « 
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Odor; see Smell 

Oil drops of dinoflagellates, 42 

Oil fields, 50 

Oligochaeta; see Oligochele 
Oligochete, 232, 
eaten by hydra, 8^-^ 

Ontogeny, 330 

Onychophora, 235-38; see also Peripalus 
Opalina, 55 

Open circulatory system 
of arthropod, 250 
of lobster, 263 
Optic nerve 
of nereis, 215 
of squid, 203 
Oral groove, 28 
Oral papillas of peripatiis, 230 
Order, 32 

Ordovician period, 324, 325 
Organ-pipe coral, 102 

Organ-system level of construction, 111, 330 
Organic evolution; sec Evolution 
Orientation to light in planaria, 118, 110 
Origin 

of animal kingdom, 3 
of life, 2 

of plant kingdom, 3 
of protoplasm, 3 
Orthoceras, 

Orthoptera, S92-9 
Osmosis, 18 
Osphradium, 197 
Ostracod, 268 

Ostrich-jdume hydroid, 102-1 
Outer branch of arthropod appendage, 257 
Outer covering of paramecium, 21, 22, 23, 30-2 
Ovary 

of brachiopod, 177 
of bryozoan, 174, 175 
of clam, 194 
of comb jelly, 107 
of earthworm, 227, 228 
of fluke, 136 
of grasshopper, 281, 286 
of hydra, 72, 77, 78, 82-G 
of nemertean, 154 
of planaria, 115, 116 
of rotifer, 169 
of roundworm, 159, 160 
of sea anemone, 98 
of starfish, 305 
of tapeworm, 144 
of tunicate, S26 
Oviduct 
of Ascaru^ 160 


of grasshopper, 281, 286 
of lobster, 265 
of planaria, 115 
of tai>eworm, 144, 146 
Ovipositor 

of ichneumon fly, 293 
of insects, 293 
Oxidation ; see Respiration 
Oyster, 188, 191 

P 

Palaemanont 332-1 
Palaevwne^esy 27 
Palaeophonusy S32 
l^aleontology, 323 

Paleostracha, 271; see also King crab 
Paleozoic era, 324, 325 
Palolo worm, 230 
Palps 

of clam, 192 
labial, 279 
maxillary, 279 
sensory, of grasshopper, 278 
Pandora moth caterpillars, as food, 292-28 
Panulirusy 27-^-6 
Paramecium, 21-30, .10-2 
anal pore, 24, 30-2 
avoiding reaction, 28 
behavior, 28 
cilia, 23 
conjugation, 27 
contractile vacuole, 24 
co-ordinating mechanism, 24 
dig^tion, 24 
division, 30-2 
elimination, 24 
excretion, 24 
feeding, 23 
locomotion, 21 
neuromotor apparatus, 25 
nuclei, 25 

outer covering, 21, .i0~2 
reproduction, 26, 27, 30-2 
respiration, 24 
trichocysts, 21, 30-2 
Paranwcium 
aurdia^ 34 
caud^uvit 34 
Parapod, 208 
Parasites 

Aphdechusy 157 
Balantidium coli, 58-5 
blood fluke, 188 
dysentery ameba, 47, 58-5 
flatworms, 182-50 

fluke causing pearl formation, 189, 190 . 
flukes, 136-43 
CHardia, 68-1 
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Parasites — continued 
gregarine« 6S~5 
insect, 292-^6, 292-27 
malarial, 53, 6S-5 
mites, 27Jf-14' 

OpcUinay 55 
roundworms, 156-^7 
Sacculinay 207 
tapeworm, 143-50 
trypanosome, 43, 5S~2 
Parasitism, 132-50 
Parthenogenesis 
of insects, 288 
of rotifers, 171 

Partitions of sea anemone, 08, 09 
Passive transfer of parasites, 142 
Pea aphid, 292-16 
Peacock worm, 2SJi.-2 
Pearl, 189, 190, 206-H 
Pearl buttons, 206-8 
Pearly layer, 189 
PecteHy 292, 206-6 
Pcciinaisllay J80-J 

Pedicellaria 

of sea urchin, 3 J 0 
of starfish, 304, 808-2 
Pedipalps 
of arachnid, 209 
of scorpion, 269 
of spider. 270, 27J^-1S 
Peduncle of brachiopod, 177 
Pelecypoda, 188-98, 206-6 y 7, 8 
Penis of planaria, 115 
Pennsylvanian period, 825 
Pepsis formomy 292-25 
Pericardial cavity 
of chiton, 183 
of clam, 195 

Period, geological, 324. 325 
Periodical cicada, 292-17 
Periostracum, 189 
Peripatus, 235-38 
Peristalsis 

of circulator^' system of earthworm, 223 
of intestine of nereis, 210 
Peritoneum 
of bryosoan, 174, 175 
of nereis, 211, 212 
Peritrich, 57 
Permian period, 325 
Fefroater, S32-S 
Phalangid, 274”!^ 

Pharyi^al gill slits 
of aoom worm, 318, 319 
of amphioxus, 313, 314 


Pharyngeal slits, 316 
of tunicates, 317, 318 
Pharynx 

of acorn worm, 318 
of amphioxus. 314 
of chiton, 182 
of cicada, 291 
of earthworm, 223 
of nereis, 210, 212 
of planaria, 111, 112 
of rotifer, 170 
of spider, 270 
of tunicates, 316, 317 
Pkilodinay 168, 169 
Pholas dactylusy 205 
Phoronidea, 179 

Phosphorescence; see Luminescence 

Photosynthesis. 1, 8 
loss of, 3, 338 

I'hyla, 32; see also Invertebrate relationships, 
Phylogeny, Phylum 
evolution of animal, 334-42 
Phylogeny, 336 
Phylum 

Acanthocephala, 16() 

Annelida, 207, 219 
Arthropoda, 239. 255, 275 
Brachiopoda, 177 
Bryozoa, 173 
Chaetognatlia, 180 
Chordata, 312 
Coelenterata, 69, 94 
Ctenophora, 108 
Echinodermata, 299 
Echiuroidea, 284-6 
Gastrotricha, 172 
Mollusca, 181, 185 
Nematoda, 156 
Nematomorpha, 165 
Nemertea, 151 
Onychophora, 235 
Phoronidea, 179 
Platyhelrainthes, 109, 132 
F’orifera, 60 
Protozoa, 11, 32, 37 
Rotifera, 169 
Sipunculoidea, 284~-5 
Physalia^ 94, 102-8 

Piercing and sucking mouth parts, 290, 292-4 
Pigment 

of arthropod eye, 247 
of dinoflagellates, 42 
of nereis eye, 215 
Pigment cup of planar ian eye, 118 
Pigment spot of amphioxus, 316 
Piiidiam larva, 155 
Pill bug; see Sow bug 
Pinching leg of lobster, 258 
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Placobdella, 

Planaria, 109, im-l 

anterior end, 109 
behavior, 118 
digestion, IIS 
digestive system, 1 1 1 
dorsal side, 109 
elimination, 118 
excretion, 114 
feeding. 111 
flame cells, 114 
gastrovascular cavity, 1 1 8 
gradients, 128 
grafting, 120, 1^8 I, 8 
locomotion, 110 
mesenchyme, 1 14 
mesoderm, 110 
muscles, 110 
nervous system, 117 
pharynx. 111 
polarity, 125 
posterior end, 109 
regeneration, 125, 120 
reproduction, 115 
ventral side, 109 
Planar ian, land, 188 
Planocera^ 184 
Plant, 1 

distinguished from animal, 2 
Plant-animal, 2; see also Flagellates 
Plant lice, 29S-1G: see also Aphid 
Plantlike flagellates, 88 
Planula, 92, 

Plasmagel, 15 
Plasmasol, 15 

Plasmodium falciparum, 58-5 
Platyhelminthes, 109-20, 182-50; see also Flat- 
worms 

Pleurobrachia, 104-5, 102-18, 108-1 
luminescence, 205 
Pleurocystis, SS2-2 
PluviateUa, 178 
Poison 

claws of centii)ede, 272 
glands 

of honeybee, 294 
of spider, 269 

of scorpions and spiders, 268-9 
of spider, 270 
Polar axis, 131 
Polarity, 125 
Pollen 
basket, 292 
brush, 292 
combs, 292 

Polychaeta; see Polychete 
Polychete, 230-32, 2 

fossil, S28 


Poly clad, 134, 150-1 
Polymorphism 
of arthropods, 258 
of bryozoans, 1 75 
of coelenterates, 87, 98 
Polyorchis, 102-2 
Polyp 

of coelenterates, 90 
of obelia, 83 
Polystoma, 187 

l*olyzoa, 1 98 ; see also Bryozoa 

Pond leech, 28^-5 

Pore 

excretory 

of nemertean, 154 
of planaria, 114 
of roundworm, 158, 160 
genital 

of planaria, 110 
of roundworm, 158, 160 
of tapeworm, 144 
gills of clam, 191 
Pore canal of starfish larva, 807 
Pore cells of sponges, 62, (»8, 64 
Porifera, 60; see Sponges 
Pork tapeworm, 147 
i'ortuguese man-of-war, 94, 102 8 
Posterior end, 122 
of planaria, 1 09 
Praying mantis, 292-9 
Pre-Cambrian rocks, 824 
Precious coral, 102, 102-1 
Prestwitchia, SS2-J^ 

Primitive 
insects, 252, 292-7 
mesoderm cells of nereis, 217 
Prismatic layer, 189 
Proboscis; see also Pharynx 
of acorn worm, 818, 319 
of butterfly, 290, 291 
IVoboscis worm; see Nemertean 
Proglottid; see Section of tapeworm 
Proscorpius, 332 

Protective-mascular cells of ectoderm, 71 
Protective polyp of Hydractinia, 93, 94 
Protein 

crystallization of, 3 
filterable viruses as, 3 
Proterozoic era, 324, 325 
Protista, 88 
Protcxionata, SS2-G 
Protoplasm, 9 
origin of, 3 
surface and mass, 60 
Protopodite, 257 
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Protoaoa, 11-SO, S7~58, i0. 68-^1 U) 6 

ameboid» 47 
ciliated, 54 
classes of 

Ciliata, 64-58, 58-6, 6 
Flagellata, 38-47, 58-J, 2 
Sarcodina, 47-51, 58-S, 4 , 8 
Sporozoa, 51-54, 58-5 
colonial, 40, 43, 58-1 
evolution of, 388 
flagellated, 38 
fossil, 326, 3S2-1 
number of species of, 37 
parasitic, 44-48, 51-54, 55, 56 
regeneration, 124 
spore-formers, 51 
Suctoria, 58 
Pseudoceros, 150-1 
Paeudococciia citri, 292-16 
Pseudopod 
of ameba, 14 
of Chrysamoeba, 38 
of foraminifer, 40, 58-8 
of heliozoan, 51 
of hydra, 73, 75 
of radiolarian, 60 
of Sarcodina, 47 
of Trichonympha, 40 
PierygoitLS, 332^5 
Pulmonate gastropod, IBS 
Punkie, nmuth parts of, 292-^ 

Pupa 

of ant, 292-23 
of ant lion, 292-12 
of arthrop^, 252 
of Cecropia moth, 292-21 
of fly {Chrygomyia), 292-22 
of insects, 205 
of lacewing fly, 292-12 
of Monarch butterfly, 292-20 

Pyorrhea, 46, 48 

Q 

Quaternary period, 325 
Queen termite, 253, 292-10 
Quinine, 54 

R 

Race, 34 
Radial 

canak of starfish, 300 
nerves of starfish, 304 
symmetry, 122 

seoondab^, of starfish, 123, 309 
Radiation, adaptive, 277 
Radicdarian, 58-\ 
fossil, 326 
ooate, 51 


Radula 
of chiton, 182 
of gastropod, 186 
of land snail, 206-3 
of octopus, 206-10 
of squid, 202 
of whelk, 206-2 

Recapitulation, principle of, 335 
Red water, 42 
Redia, 141 

Reef, coral, 100, 102-13 
fossil, 325, 328 

Refractive body of arthropod eye, 246 
Regeneration 

of higher invertebrates, 1 25 
of hydra, 77 
of planaria, 125 
of protozoa, 124 
of spider leg, 274-11 
of sponges, 67, 6*8- / 
of starfish, 308-3 
Relapsing fever tick, 27 4- H 
Reproduction 
of ameba, 19 
of arthropod, 251, 52 
of brachiopod, 1 78 
of bryozoa, 175 
of chiton, 183 
of clam, 197 
of earthworm, 227, 28 
of fluke, 136 
of grasshopper, 285 
of Hydractinia, 94 
of lobster, 265 
of nereis, 215 
of obelia, 84 
of paramecium, 26 
of peripatus, 237 
of planaria, 115 
of roundworm, 160 
of sea anemone, 99 
of sponge, 66 
of tapeworm, 144 
of tunicate, 316, 317 
of Volvox, 41 

Reproductive organs; gee Reproduction 

Reproductives, termite, 292-10 

Respiration, 8 
of arthropod, 251 
of brachiopod, 177 
of clam, 198 
of earthworm, 225 
of msshopper, 281 
of hydra, 76 
of l<mster, 262 
of nereis, 209, 213 
of per^tus, 237 
of spider, 270 
of iponge, 65, 66 
of squid, 203 
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of starfish, 304 
variations among insects, £88 
Response to stimuli; see Behavior 
Retina; see also Eye 
of arthropod eye, £47 
of squid eye, £03 
Rhabdocoel, 133 
Rhinoceros beetle, ^92-19 
Rhodniust £95 

Ribbon worm; see Nemertean 
Ring canal of starfish, 300 
Rock barnacle, 27Jli.-3 
Rock-boring bivalve, 206-7 
Rocky shore, 808-1 
Rotifer, 168-71, 180-U ^ 
size of compared with ameha, 80-1 
Roundworms, 156-07, /67y-i, 2 
fossil, 3£8 

Royal chamber of termite colony, 292-10 

s 

SaheUa, 234-2 
Sacadimt £67 
Salivary gland 
of nasshopper, £81 
of l^h, £^ 
of mosquito, 5£, 53, 54 
of tsetse fly, 44, 45 

Sand dollar, 308-8 
Sandfly, mouthparts of, 292-4 
Sarcodina, 47 ; see also Ameboid protozoa 
Scallop, 188, 206-6 
Scaly wings, 292-3 
Scaphopod, 188 
fossil, 330 

Scar of muscle on shell of clam, 190,. 193 
Scavei^r 
crayfish as, 274-lf 
dung beetle as, £97 
fiddler crab as, 274-8 
lobster £61 
sea urchin as, 308-b 
SchisU)s<mia japonioum^ 138 
Schistosoma mansonit egg of, 160-2 
Schistosomiasis, 189 
Schitaoihaerus, 206-7 
Scientific name, 34 
Scolex, 143, 150-3 
Scolopendra, 274-16 
Soolytidae, £77 
Scorpion, £68, 274-9 
peaipalp of, £69 


Screw worm, 292-22 
Scuiigera, 274-16 
Scyphistoma, 102-6 
of Aurelia, 96 

Scyphozoa, 95-97, 102-4, 5, 6 
fossil, 3£7 

stages in life-history of, 102-6 
Sea anemone, 98-10, 102-8, 9, 308-5 

Sea cucumber, 811, 308-9 
fossil, 383 

Sea fan, 10£, 102-16, 17 
Sea gooseberry, 104, 102-18, 108-1 
Sea lily, 809, ^W, see also Crinoid 
Sea monster, £06 

Sea plumes, 10£; see abto (iorgonian 
Sea serpent, £06 
Sea squirt, 317 

Sea urchin, 309-11, 308, 5, 6, 7 
development, 308-6 
as food of man, 308-5 
fossil, 333, 332-3 

Sea walnut, 103, 108-1 
Sea whip, 10£, 102-16 
Secondary radial symmetry, 1£3, 309 
Section (proglottid) of tapeworm, 143 
Sedentary habit 
of amphioxus, 316 
of clam, 190 
of earthworm, ££7 
of flukes, 136, 137 
of hydra, 80, 8£ 
of rotifer, 169 

of sea anemone, 98, 102-8, 9 
of tube-dwelling polychetes, £31, 234-1, 2, 3, 6 
Segmental blood vessel of earthworm, ££4 
Segmentation, £08 
of arthropod head, £45 
in evolution, 840, 34£ 
internal, of arthropods, £49 
of nervous system of grasshopper, £84 
theory of origin, £18 

Self-fertilization in tapeworms, 146 

Sense organs; see also Antenna, Eye, etc. 
of amphioxus, 315 
of arthropods, £49, £50 
of Aurelia, 97 
of clam, 197 
of Oonionemus, 90, 91 
of grasshopper, £78 
of insect, £49. £50, £89-90 
of lobster, £64 
of nereis, £14, £15 
of planaria, 118-£0 
of rotifer, 169, 170 
of roundworm, 159 
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organs — continued 
reduction of 
in chiton* 182 
in earthworm, 221 
in parasites, 148 
of starfish, 805 
Sensory bristles 
of arthropods, 250 
of lobster, 264 
Sensory oells 

in body wall of arthropocl. 294 
in compound eye of arthropod, 247 
of earthworm, 221 
of hydra, 80 
of planaria, 118 

Sensory lobes of planaria, 118, 120, 108-2 

Sensory receptor, 7 

Sensory tentacle of gastropwl, 1 86 

SepiOf 206-9 

Serial homology, 244 

Serpent star (brittle star), 811, 808-4, 5 
fossil, 383, 8S2-S 

Sessile animals, symmetry of, 1 22 

Sessile habit, 56 
of barnacle, 266, 267, 274-8 
of brachiopod, 177, 180-4 
of bryoj&oan, 173 
of coral, 100, 102-10 
of crinoid, 309, 308-lOp 882-2, 8 
of gorgonian, 102, 102-10, 17 
of hydroid, 102-1 
of marine invertebrates, 808-1 
of obelia, 88 
of rotifer, 169, 180-1 
of sponge, 2, 59 
of tunicate, 316 
of Vorticella, 57, 58-6 
Seta of earthworm, 220 
Seventeen-year locust, 292-17 
Sex organs; see Reproduction 
Sexual difierentiation of Volvox, 41 
Sexual forms of malarial parasite, 52, 53 
Sexual reproduction, 41; see also Reproduction 
Shape of insects, 292-1 
Shapes of animals, 121-28 
Sheath 

of microfilarias, 163 
of nemertean proboscis, 152 
Sheep-liver fluke, 140, 150-2 
Shell 

of abalone, 206-4 
of brachiopod, 176, 180-4 
of chiton, 182, 206-1 
of olam, 189, 206^ 6, 7, 8 
of foraminifer, 49, 58-3 
of fiaHtrqpod, 186, 206, 2, 3, 4, 5 
of umpet, 206-4 
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of nautilus, 198, 206-9 
of pteropod, 206-5 
of scallop, 206-6 
of slug. 206-3 
of snail, 206-3 
of sauid, 200 
of whelk, 206-2 
Shell gland of tapeworm, 145 
Shelled cephalopod fossil, 832-4 
Shipworm (Teredo), 206-7 
Short-spined sea urchin, 808-7 
Shrimp. 27 4- 1^ 4 

experiment on balancing organ of, 264 
Sieve plate 
of sea urchin, 310 
of starfish, 800, 301, 310 

Silica in skeleton of radiolarian, 50 
Silicious spicules, 68 
fossil, 826 

Silicious sponge, 63 
fossil. 832-1 

Silk, 28 

of silkworm, 292-28 
of spider, 270 
Silurian period, 325 
sea-bottom restoration, 882-8, 5 
Silver fish, 292-7 

Simple eyes 

of arthropod, 247 
function of, 289 
of spider, 246 

variations among insects, 289 
Sinus, blood 
of clam, 195 
of lobster, 268 
Siphon 
of clam, 191 
of squid; see Funnel 
Siphonophore, 94, 102-3 
Sipunculid, 234-5 
Six-hooked embryo 

of beef tapeworm, 145, 146 
of pork tapeworm, 147 
Size 

of arthropods, 251 
limitation of, in insects, 283 

Skeleton; see also Endoskeleton, Kxaskeleton, 
Notochord, Shell 
of coiul, 100, 102 
of m^nians, 102 
of heliozoan, 51 
of radiolarian, 50, 58-4 
of sponge, 63, 68-2 
of starfish, 300 
Skin-gill of starfish, 304 
Slate-pencil sea urchin, SOS-7 
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Sleeping sickness, 44-45, 5S-2 
Slug, 185, 188, 206-S 

Smell, organs of, on antennas of insects, 290 
Snail, 185, 188, 206-S 
as host of larval blood fluke, 180 
Snout beetles 
cotton boll weevil, 292-27 
hazelnut weevil, 292-18 
Social colony of arthropods, 253 
Social insects and instinct, 290, 297 
Social life 

advantage of, 253 
of ant, 292-28 
of honeybee, 292-28 
of termite, 253, 290, 292-10, 1 1 
of wasp, 292-2^ 

Soft-bodied animals, 181; see Mollusk 
Soft coral, 102-13 
Soil, effect of earthworms on, 220 
Soldier termite, 253, 290, 292-10 
Solitary coral, 102-10 
Somersaulting of hydra, 81, 82 

Sound-perceiving organ of katydid, 292-5; sec 
also Auditory organ 

Sow bug. 27Jlt-2, 10 

Specialization; see also Differentiation, Division 
of labor, IPolymorphism 
of anterior and posterior ends, 122 
among appendages, 200 
within a cell, 21 
definition of, 12 

of digestive tract of nemerteans, 152 
levels of, 254 
of paramecium, 21 
of protozoa, 21, 40 

of reproductive system of earthworm, 227, 228 

of segments, 218 

of ^onge cells, 61 

of Trichonympha, 40, 47 

of upper and lower surfaces, 122 

of Volvoz cells, 41 

vSpecies, definition of, 33 

Sperm duct 

of earthworm, 227 
of fluke, ISO 
of lobster, 201 
vi planaria, 1 15 
of roundworm, 160 
of tapeworm, 144 

Sperm receptacle 
of earthworm, 227, 228 
of grasshopper, 281, 280 

Sperms, 41 

of hydra being discharged, 82-5 
of malarial parasite, 52, 53 
of starfish, 305 


Spherical symmetry, 121 
Sphynx-moth caterpillar, 292-26 
Spicules of sponge, 02, 03, 04, 07, 68-Jf, 
fossil, 820 

Spider, 209-71, 27^-10, 11, 12, 18 
Spines 

of sea mchin, 309, 310, 308-6, 7 
of starfish, 300, 302, 304, 310 
Spinnerets of spider, 270 
Spiny-headed worms, 160 
Spiny lobster, 27It-6 

Spiny-skinned animals, 299; see also Echinoderms 
Spiracle. 292-6 
of grasshopper, 282 

Spiral thickenings of air tubes, 282, 292-6 
Spirally coiled shell, 186 
Spirifer, 882-2 
Spirochetes, 38 
Sponge, 59-68, 68—1 to 6 
body plan, 68 
calcareous, 63, 68-2 
cell types, 61-62 
colonial, 61, 65, 68-1 
culture, 68-6 
evolution of, 338 
feeding, 62 
fossil, 326, 382-1 
fresh-water, 68-3 
gemmule, 67, 68-^ 
glass, 63, 68-2 
horny, 63, 68-2 
homy fibers, 63, 68-4^ 
individuality, 65 
preparation for market, 68-5 
regeneration, 67 
reproduction, 66 
silicious, 63, 68-2 
spicules, 63, 68-4 
types, 65 
uses of, 59, 68-6 

Sponge-fishing, 68-5 
Sporiffilla, 68-8 

Spongin of horny sponges, 63, 68~4 

Sponging tongue of housefly, 291, 292- 4 

Spore of malarial parasite, 51, 58-5 

Spore-former, 51 

Sporocyst, 189 

Sporozoa, 51-4, 58-5 

Sporozoite, 52, 54 

Sporulation of malarial parasite, 52, 53, 68-5 
Spur of honeybee leg, 292 

Squid, 198, 206-9 
giant, 206 
Stag beetle, 292-4 
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Stalk 

of brachiopod, 177, 
of Lingula^ 178 
of Tokophryay 58 
of Vorticellay 57 
Stalked barnacle, 27J^-S 
Starfish, 300-309, S08-ly 2y 9 
coelom, 304 

development, 305-9, S08-3 
digestive system, 303 
excretion, 804 
feeding, 302, 308-2 
fossil, 388, 332^ 
mop, 308-2 
nervous system, 304 
pedicellarias, 304, 305 
regeneration, 308-2 
reproduction, 305 
respiration, 304 
rights itself, 308-3 
sense organs, 305 
sex organs, 303, 305 
skeleton, 300 
spines, 300, 302, 304 
water vascular system, 300-301 
Statoblast, 175 
StenopuSy 27^--Ji. 

SUntor, 56, 68-6 
Sting of honeybee, 294 

Stinging capsule 
of Aureliay 96, 97 
of coral, 102-10 
of Cyaneay 97 
of Oonionemusy 92 
of hydra, 71, 72, 78 
of Hydractiniay 94 
of obelia, 83, 84 
of Physalia, 94 
Stinging coral, 102-17 
Stink bug, 292-16 

Stomach 
of bryozoan, 174 
of chiton, 183 
of clam, 194 
of grasshopper, 281 
of lobster, 261 
of rotifer, 189 
of spider, 270 
of starfish, 802, 303 
Stone canal, 300 

Stony corals, 100, 102-lOy 11, 12, 13, 16, 17 
Strain, 34 

Striated muscles of arthropods, 260 
Stylet of nemertean, 152 
Stffimiehia, 57 
Subindividiials of obelia, B3 
Subneural blood vessel of earthworm, 224 


Subpharyngeal ganglion 
of earthworm, 221 

of nereis (first ventral ganglion), 214, 215 
Subspecies, 34 
Sucker 

of arm of squid, 202 
of fluke, 136, 137 
of leech, 233 

marks of squid on skin of whale, 206-9 
of tapeworm, 143, 147, 160-3 
of tube foot of starfish, 301 
Sucking mouth parts, 290 
Sucking tube of moths and butterflies, 292-1^. 
Suctoria, 58 
Sun animalcule, 51 

Suppression of sense organs caused by poisons, 
130, 131 

Suprapharyngeal ganglion; see also Brain 
of earthworm, 221-22 
of nereis, 214, 215 
Swamp crayfish, 27I^-5 
Swimmeret of lobster, 260 
Swimming bells of siphonophores, 94 
Swimming leg of water-scavenger beetle, 292-2 
Sycon, 68-2 

Symbiosis; see Mutualism 

Symmetry 
bilateral, 122 
radial, 122 

secondary radial, 123, 309 
spherical, 121 
Syncitium 
of rotifer, 170 
of roundworm, 157 

Systemic heart of squid, 203 

T 

Taenia serrala, 160-3 
Taenia solium, 147 
Tail 

of amphioxus, 813 
of tunicate larva, 317 

Tapeworm, 143-50, 150-3, k 

Tarantula, 27k-10 
eaten by wasp, 292-25 

Taste of insects, 290 
Teeth 

of leech, 234 

of pharynx in rotifer, 170 
of radula 
of chiton, 182 
of squid, 202 
of sea urchin, 3 11 

Telson of lobster, 260 * 
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Tentacles 

of amphioxns, 313 

of brachiopod, 177 

of bryozoan, 174 

of comb jelly, 104 

eight-branched of anthozoan, 101 

of Gonionemiis, 90 

of hydra, 72 

of obelia, 83 

of organ-pipe coral, 102 

of Phoronidea, 179 

of precious coral, 102-1 Jf, 

of sea cucumber, S08-9 

of sea fan, 102-15 

of Suctoria, 58 

TerebraUda, 332-2 
Teredo^ borings of, 206-7 
Termitarium, 292-11 

Termite, 253, 292-10, 11 
as food, 292-28 
fossil, 332-6 

host of Trichonympha, 47 
nest of, 292-11 
queen, 290. 292-10 
reproductive, 292-10 
soldier, 290, 292-10 
species differences of, 34 
tunnels of, 292-1 1 
wing fossil, 332-7 
worker, 290, 292-10 

Tertiary period, 325 
Test 

of fossil sea urchin, 332-3 
of sea urchin, 308-6 

Testes (plural of testis) 

Testis 

of araphioxus, 314 
of clam, 197 
of earthworm, 227, 228 
of fluke, 136 
of Gonionemun, 92 
of grasshopper, 285 
of hydra, 
of planaria, 115 
of roundworm, 100 
of starfish, 305 
of tapeworm, 144 
of tunicate, 320 
Tetracoral, 328, SS2-1 
Thorax 

of arthropod, 247 
of nasshopper, 278 
of lobster. 258 

Thorn tree hopper, 292-16 

Thread capsules 
of hydra, 71-75 
of sea anemone, 102-8 
Three layers of cells, 109 


Thysanura, 292-7 
metamorphosis of, 294 
Tibidna sepiendecim, 292-17 
Tick, 208, 27h-H 
Tide pool, 308-1 
'Piger moth, 292-21 
Tissue, 70 
Tissue culture, 9 
Tissue level of organization, 70 
in evolution, 339 
Tissue spaces; see Blood spaces 
Tokophrya, 58 
Tooth shell, 188 
Touch; see also Sense organs 
behavior of centipedes to, 273 
hairs of insects, 290 

learning experiments with cockroaches, 289 
Tracheal gills, 288 

'IVacheal tubes of grasshopi>er, 281-82 

^Vacheoles, 282 

Tracks, fossil, 332, 332-/f. 

Transverse vessels of earthworm, 224 
IVap-door spider, 27^-10 
Tree, animal, 334, 337 
Tree hopper, 292-16 

Trematoda, 136-43, 150-2; see also Fluke 
IVepang, 308-9 
Triassic period, 325 
Trichina cyst in muscle, 16^-2 
Trichina worm, 162, 103 
Trichinella spiralis, 162 
Trichinosis, 163 
Trichocysts, 21 
of holotrich, 55 
of paramecium, 21, 22, 30-2 
Trichomonad, 46 
Trichomonas, 46 
buccalis, 46 
hominis, 46 
vaginalis, 46 
Trichonympha, 46 
relationship with termite, 47 
Triclad, 134, 150-1 
Tridacna, 206-6 
Trigger of thread capsule, 76 
Trilobites. 256, 325, 330, 332-3, 5 

Trochophore larva 
in evolution, 340 
of chiton, 
of clam, 198 
of gastropod, 186-87 
of nereis, 2X6 
Trochospkaera, 180-1 
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ANIMALS WITHOUT BACKBONES 


Trunk of Philodinay 169 

Trypanosoma gamhiense in blood smear, 58-2 

Trypanosome, 44 

as cause of African sleeping sickness, 43 
division, 58-2 
life-cycle, 45 

as well-adapted parasite, 136 
Tsetse fly, 44, 45 
larva of, 294 

Tube-dwelling polychete, 231, 2 

fossil, 328 

Tube-dwelling rotifer, 180-1 
Tube feet 
of crinoids, 308-10 
of sea cucumber, 308-9 
of sea urchin, 310, 308-6 
of starfish, 300, 308-3 
Tube worm; see Tube-dwelling polychete 
Tunicate, 316 
Turbellaria, 133-35, 150-1 
Two-layered ancestral animal, 339 
Two layers of cells, 70 
'J'yphlosolc of intestine of earthworm, 223 
Typical insect, 277 

U 

Umbo of clam shell, 189 
Undulating membrane, 44, 46 
Unlearned behavior of arthropods, 254 
Upper lip of grasshopper, 278 
Urea, 18 
Urechisy 23k-6 
Uric acid, 281 
Urine, 9 

Uropod of lobster, 260 
Uterus 
of fluke, 137 
of roundworm, 158, 160 
of tai>eworm, 144, 146, 150-3 


Veins 

of clam, 196 

of insect wing, 293, 292-3 
of wings of grasshopper, 280 
Velelhy 94, 95 
Veliger larva 
of clam, 198 
of mollusk, 186, 87 

\’entral nerve cord : sec also Nervous system 
of arthropod, 249 
of grasshopper, 284 
of lobster, 264 
of nereis, 214, 215 
of peripatus, 237 
Ventral surface, 109, 122 
Ventricle of clam, 195 
Ventrodorsal gradient, 131 
Venus* flower basket, 68-2 
Vertebra, 4 
Vertebral column, 312 

Vertebrate and arthropod skeletal system, com- 
parison of, 242 

\ ertebrates, |)ercentage of, in animal kingdom, 4 
Virus, filterable, 3 
Visceral mass 
of chiton, 182 
of clam, 191 
of gastropocl, 186 
of squid, 201 
Volvent capsules, 74 
VolvoXy 40, 68-1 
Vorticellay 57 y 58-6 

W 


Walking legs 
of arachnid, 269 
of insects, 291 
of lobster, 258 
Walking-stick insect, 292-9 
Wasp 

capturing tarantula, 292-25 
hornet’s nest, 292-2^ 
mud-dauber, 292-2 ^ 
tarantula hawk, 292-25 
Waste products, removal of, 7, 8 
W'ater 

elimination of ex'cess, 17-18 
as a waste product in respiration, 8 
Water beetles, legs of, 291 
W^ater-scavcnger beetle, 292-2 
Water tubes of clam gill, 191 
W*ater-vascular system 
development of, 308 
of sea urchin, 310 
of starfish, 300-301, 310 


V 

Vacuole 

contractile: sec ( ontractile vacuole 
food; see Food vacuole 
V’agina 

of grasshopper, 281, 286 
of roundworm, 158, 160 
of tapeworm, 144 
>"alve 

of blood vessels of earthworm, 224 
of brachiopod, 180-4 
of clam, 189 
of honeybee, 288 

Variety (subdivision of siKxiies), 34 
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Web of spider, 270, 27Ji-10 
Weevil 

cotton boll, ^92-^27 
hazelnut, 292~1H 
Whelk, 18.5, 200-2 
Whirligig beetle, 292-19 
Wing covers of beetles, 292-3 
Wingless insects, 287 
lack of air tubes in, 288 
Wings 

absence of, 298, 292-3 
of beetles, 298, 292-3 
of dragonflies, 298 
expansion of, 288 
of flies, 298 
of grasshopper, 279 
of Hymenoptera, 292-1/ 
of insects, 248, 298, 292 3 
Wood-boring bivalve, 290-7 


Wood-boring isopod, 27I/-2 
Wood lice (isopods), 268, 27Jt-2 
Worker termite, 2.53, 296, 292-10 
Worm; see Annelids, Flatworm, Nemertean, 
Roundworm, etc. 

W ucheria hancrnfti^ 168 


Y 

Yolk cell of planaria, 11.5 

Yolk gland 
of fdanaria, 115 
of tapeworm, 144, 146 

Z 

Zygote, 42 
of hydra, 78 
of sea urchin, 30S 6 
of starfish, 80(i 
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